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First Notions of Chemistry 


The Subject Matter of Chemistry 


We begin studying chemistry. Together with physics and 
biology, chemistry is a natural science since it deals with nature. What is the 
subject matter of chemistry? 

A minute grain is dropped into the soil in the spring. It begins growing 
and by the summer develops into a plant. Plants may be likened to natural 
'factories' that turn raw materials such as carbon dioxide, water and other 
substances taken from the soil, into proteins, fats, starch, sugar and vitamins. 
Botany cannot explain how this complicated and mysterious work, the 
conversion of one substance into another can occur in the cells of plants. 
The explanation will be given by another science, chemistry. 

Chemistry is the science of substances and their interconversions. 

The plant and animal kingdoms give us food to maintain our lives. Not 
long ago, our clothes and footwear were also exclusively of natural origin: 
vegetable fibres, wool, the hair, and skin of animals. At the present time 
synthetic fibres and materials have in many cases replaced materials of plant 
and animal origin. Man has created materials that have never existed in 
nature. These man-made substances are produced at chemical plants from 
petroleum, coal, and natural gas. 

The science of chemistry has taught man to produce these substances. The 
discovery of the laws by which one substance can be converted into another, 
allows man to predict and explain these interconversions of substances, to 
control them, and to utilize them for his own good. The better we know 
chemistry, the greater the possibilities that open up for man. 

Chemistry now plays an important role in our daily life. It is true that we 
use food which is ‘manufactured’ for us by nature, but agriculture would 
never be able to give us all the food we need without the artificial fertilizers 
turned out by the chemical industry. The knowledge of chemistry has made 
it possible to use nuclear energy and conquer space. 

Development of the chemical industry, and the complete utilization and 
incorporation in the economy of recent advances in modern chemistry will 
enable further development of national wealth, help manufacture better and 
cheaper capital and consumer goods. 

We deal with chemistry in our everyday life. It penetrates our homes, and 
many non-chemical industries have become to a great extent dependent on 
chemistry. Conversion of one substance into another is always attended by 
liberation or consumption of heat, by emission and absorption of radiant 


ical 
and light energy, and by changes in the state of matter. Therefore, chemic 


Aic j 1 irs ic 
research scientists use physical methods of investigation and phys 
theories. In turn, biological processes 


of substances in living organisms. 
chemical theories greatly help b 


11 Substance 
Look around. Everything that surrounds us-living and 
inanimate nature, everything that has been made by man 


Consists of substances. Physics defines the difference 
S of substance and object. Observe 


ine powder) soluble in water, it 


a substance one should tated, etc. When describing 


boiling or melti ; ion the properties 


Ot be handled directly, 
bstances are known, they may be utilized, Ouf 
rock is very hard and used it to manufacture 
apons. 


ancestors knew that silicate 
their primitive tools and we 
A knowledge of the p 
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A knowledge of the properties of substances is also necessary to identify 
and distinguish them from one another. A lump of an unknown mineral 
Occasionally thrown into the fire, helped the discovery of an immense deposit 
of coal in the far North Arctic of the Soviet Union. 

We shall learn from this book how man studied the properties of 
Substances to discover their structure which cannot be determined by mere 


Observation. 

Si  F—— ———————— —— 

? 1. Write in two separate columns the names of substances and 

4 objects from the following: (a) a cup, oxygen, a key, an iceberg, 
mercury, a candle, water, iron; (b) lime, ceramic pipes, gypsum, roof 
tiles. 
2. Describe the properties of (a) iron, (b) water, (c) coal, (d) carbon 
dioxide. 

Le 

a Describe (orally) the properties of sugar using the scheme given on 
p. 101. Test sugar for melting and combustibility in normal 
conditions by holding it in the flame of a match. Take precautions 
while using fire. 

1.2 Pure Substances and Mixtures 


When an object is studied, the question arises: what is it 

made of? Living organisms consist of organs, organs consist 
Of tissues, and tissues of cells. So what are substances composed of? It is 
known from physics that substances cannot be divided to infinity. If water is 
Poured into an open cup it will gradually disappear because molecules of 
water are separated from its surface and dissipated into the surrounding 
Space. If a cold object is brought into a warm room, drops of water 
Precipitate on its surface. These are formed by the condensation of water 
Molecules contained in the air. The molecular principle explains this 
Important property of water known as volatility. If water were not volatile, 
the continents would have turned into dry and lifeless deserts surrounded by 
Oceans spread beneath an ever cloudless sky. 

The smallest particle of water is a molecule of water, and the minutest 
Particle of sugar is a molecule of sugar, etc. 

Substances may have molecular and non-molecular structure. Gaseous and 
vaporous substances are all composed of molecules. This does not hold for 
crystalline substances. Crystals of quartz, granite, sand, etc, have no 
molecules. They are composed of atoms of silicon that are bound chemically 
with oxygen atoms. Many other substances existing in the form of large and 
fine crystals have non-molecular structure as well, e.g. common salt and 
Soda, the substances very well known to everyone. They have no molecules, 

All molecules of a given substance, for example of water, are alike. But 
they differ from molecules of other substances. This accounts for the different 
Properties of various substances. Sugar is produced from various plants. We 
use it as lumps, fine grains, or powder, but it is still the same substance and 
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i sulphur 


Fig. 1.1 Separating 


à mixture of iron and 
Sulphur (a) in water 


(iron 


n granulat 
it has the same properties, If we dissolve equal weights of gran 
powdered, or lump sugar in equ; 


e a nology, however, 
millionth fraction of one 


i 3 Suspended in it. The naked eye 
nguish Separate Particles of Chalk in the Suspension, But it 15 


PPearance, Milk, fof 
OUS substance but when viewed throug! 

re of droplets of fat 
Solutions form a special Class of 


> suspended in liquid 
rm a 1 mixtures. When we shake Sugar in watef: 
a clear solution is obtained, It is impossible to observe sugar particles 
dissolved in water even if we use a microscope, But the 

the liquid can easily be detected i 


, Presence of sugar in 
€ it, or if a dro 
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and (b) by a magnet 


eui dissolved in water sugar is divided into molecules which are 
1 ed evenly between the water molecules. 
— T to study a substance and describe its properties it is first 
cia to separate it from the mixture and remove impurities. 
i everyday observations. we know that the properties of separate 
Take i are preserved in mixtures. This can. be proved experimentally. 
tite o powders. One of them is grey and the other yellow. The grey 
T r sinks to the bottom when dropped into water, and it is attracted by 
^ Sepa (it hangs from its poles in garlands). The powder is crushed iron. 
of ts ow powder is not attracted by the magnet and floats to the surface 
oy er (it is not wetted by it). The yellow powder is sulphur. Mix the 
it leer ne Take a pinch of the mixture and drop it into water. Shake 
(Fi E ur will float to the surface while iron will sink to the bottom 
a .la). Now place the remaining mixture on a sheet of paper, cover with 
vem ln and apply the magnet to the surface of the upper paper: the 
(on e sulphur will separate — grains of iron will be attracted to the magnet 
Thu ugh the paper) while sulphur will remain on the lower sheet (Fig. 1.1). 
ev ved have proved that the properties of individual substances (iron and 
Ti ae have not altered after they were mixed together: sulphur remained 
" table and iron was attracted by the magnet. These properties of sul- 
ur and iron were utilized in our experiment to separate the two 


Substances. 

jj 

^ 1. Which of the following properties (shape, boiling point, particle 
size, weight) can, which cannot, be specified in the description of (a) 


a substance and (b) a molecule? 
2. You know that substances can be separated by settling, filtration 


(Fig. 1.2), and evaporation. Give examples of the : 
substances by each of these methods. separation of 
3. What differences in the properties of milk coi 

for the separation of cream by settling? mponents are: used 
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Fig. 1.2 Filtration 


4. Explain w] 


ies 
hy rain water has the same Properties in all countri 
while water taken from i i i i 
- Why can we Not say ‘a molecule of 
‘a molecule of air? 


granite’, ‘a molecule of mi 
of 
6. What is a solution of Sugar from the viewpoint of the theory 
molecules? 
Write in 


10. Observe Fig. 1.2 and describe the met! 
Saw dust may be 


hod by which a mixture of 
Separated from water. 
L| Prove the Presence of dissolved Solids in Potable water, 
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1 -3 Physical Phenomena 


Everything around us, all living organisms, mineral matter, 
. . and man himself undergo incessant changes. All substances 
likewise undergo various changes. These are known as phenomena. 
A substance can be ground to powder, it can be melted, dissolved, or 
recovered from solution. The substance will remain the same substance. 

A lump of sugar may be crushed to powder in a mortar and its minutest 
Particles may be carried by air like dust if we gently blow. A particle of 
finely powdered sugar can only be seen in a microscope. But sugar can be 
disintegrated into even smaller particles using neither hammer nor mortar: 
we can do this by dissolving sugar in water. If we remove water from 
a solution of sugar by evaporation, sugar molecules will combine back into 
crystals. Sugar remains sugar no matter whether it is crushed or dissolved. 

When evaporated, water is converted into its gaseous state known as 
steam. When cooled, water turns into ice, which is the solid state of water. 
The minutest particles of water are molecules of water. The minutest 
Particles of ice or steam are also water molecules. Liquid water, ice, and 
Steam are not different substances. They are one and the same substance 
known as water in its different states of aggregation. 

Like water, many other substances can also be converted from one state of 
aggregation into another. Any metal can be melted, i.e. converted into its 
liquid state, and turned into gas. In the outer envelope of the Sun, where the 
temperature is about 6000°C, iron and other metals are found in the gaseous 
state. Conversely, a gaseous substance, for example carbon dioxide can be 
turned into a solid (dry ice) by cooling.* No new substances are formed by 
all these phenomena. 

Events in which substances are not converted into new 
Substances are called physical phenomena. 


"os op I poised 
A 1. May the following be defined as physical phenomena: (a) 
formation of clouds, (b) filtration, (c) crystallization, (d) evaporation? 
Reason your answer. 
2. What physical phenomena 


(b) at school, (c) in nature? — . 
3. How will you separate a mixture of river sand and table salt? 


Plan your experiment and describe the phenomena that will occur at 


each stage in the procedure. . 
4. How can the following mixtures be separated into their 


components: (a) iron and copper shavings, (b) chalk and sugar, (c) 
vegetable oil and water, (d) a solution of table salt in water? 
Describe the properties of each particular substance that will be used 
for its separation from the mixture. , 

5. Sometimes substances are purified by crystallization: the 
substance is dissolved, the solution evaporated, and the damp 


crystals are dried in blotting (filter) paper. Explain. 
ERR rit MAS ARM 


= = 


* Normally, when we describe a substance as a gas, solid, or liqui 
Es ^ b iquid, we i 
State under normal conditions. q mean its 


have you observed (a) in your house, 
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Chemical Phenomena 


H ife 
Let us now consider some phenomena that di 


Iron rusts in 


magnesium b 
gnesium oxide 


€ 
GS 


Fig. 1.3 Heating copper in air 


1 i i 
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Fi i 
ig. L4 Burning a magnesium ribbon 


Substances a i a 
sugar in opone nem ae» and carbon which do not resemble the initial 
TA eee log of wood burns, it seems that its component parts disappear 
Bleach Bo But let us introduce a burning match into an upturned 
Rinse de e inner walls of glass become covered with droplets of water. 
droplets ecd with lime water, cover it with a glass slide and shake it: the 
caf a ime water become cloudy. We already know that carbon dioxide 
cathe lime water cloudy. We can thus conclude that wood burns to form 

n dioxide and water, entirely new substances that are unlike wood 


itself, 


Fi 
ig. 1.5 Thermal decomposition of sugar 
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Se are known as chemical reactions. na from the 
What is the difference between chemical and physical phenome! 
molecular viewpoint? 


olecules of a Substance re 


substances, 


D. ith lime 
? 1. Describe the Chemical Teactions of: (a) carbon dioxide n dag 
A water, (b) wood burning, (c) Sugar decomposition, (d) coppe: 
in air. . d why: (a) 
2. Which of the following Phenomena are chemical am an, (c) 
metal forging, (b) food burning in an overheated Hog ay 
n of a sugar crust on the surface of drying "on snow 
Coagulation of milk ion of an egg, (f) formation Pleakol: 
fl "on of alcohol, and (h) burning of a 


à : s 
"mation of reaction product 


hemical reaction has 
Occurred, 


When a Copper plate is heated its colour changes, As carbon dioxide is 
blown through lime Water, a white substance Precipitates. When wood burns, 
roplets Of water Precipitate on the cold walls of the vessel, Burning magnes- 
. turns into a white Powder with liberation of heat, and emits light and 
lant energy, 


» formation of 
ergy —all these i i 


a to initiate a chemical 
to bring the reacting Substances (reactants) into co: 
Particle size of the reactants, t 


e more close the contact ensured between 
them, and the sooner the react; EF 


ult to ignite a lump of 


signifi it S 
Beer ARE a chemical reaction between the reactants. Reactions 
Contact bone are therefore used wherever possible. 
a chemical a the reactants will be enough in some cases to initiate 
contact alone ry ay in the case of damp air and iron), while in other cases 
the oxygen of th e insufficient. For example, copper does not react with 
copper and ox e air at 20-25°C. In order to achieve a reaction between 
Heating va ygen we have to heat the metal. 
reactions. So ei in its effect on the initiation and 
a chemical pe reactants need continuous heating in order to complete 
reaction is sus ction, and when the source of heat is removed, the chemical 
In other ca pended. Thermal decomposition of sugar is a typical example. 
Pillars ses heat is only required to initiate a chemical reaction which 
such reactio spontaneously when the source of heat is. removed. Examples of 
ns are the burning of magnesium, wood, and other combustible 


d course of chemical 


Substances 
Feci a 1 o aE 
? 
^ 1. What are the signs of the following reactions: i 
(b) burning of a candle, (c) decomposition of 


(a) rusting of iron, 
sugar? " 
2. Name the conditions that favour the initiation and rapid course 


of a chemical reaction. E" ne 
3. Give examples of reactions that are only initiated by heating and 
can continue spontaneously when the source of heat is removed. 


4. How can a lump of sugar be divided into molecules? How can 
be destroyed? 


a molecule of sugar 


1.6 Chemical Reactions Around Us 

Look around. Most objects that surround us, such as 
mad concrete buildings, household utensils, etc., have not been 
ma e from materials that are found in nature ready for use, but have been 
ó nufactured by man with the use of chemical reactions. Chemical reactions 
ccur everywhere. They occur inside ourselves. i » 
h Energy liberated in chemical reactions is widely used in everyday life, at 
home, in industry, in launching of space crafts. “Widely has chemistry spread 
its arms in human life. Wherever we cast à glance, we find fields of its 


application,” said the great Russian scientist M. Lomonosov. . 
Long ago, our forefathers acquainted themselves with chemical 


Phenomena. This happened long before man created a science known as 
Chemistry: our ancestors of distant times learned how to handle fire (the 
Combustion reaction) and this saved them from cold during the Ice Age. 

Time passed on, and man learnt how to melt metal from ores. Stone tools 


and weapons were then replaced by better metal ones. The invention of gun 
Powder helped townspeople to overthrow the rule of the feudal nobility. 
The mystery of the chemical reactions was used by priests beginning from 
the common people in religious servitude. 

these mysteries and taught people how to use 


wn good. 


ancient Egypt to keep 
Science has dispelled t 
chemical reactions for their © 
19 
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Fig. 1.6 The surfa 


ce of a sharp point 
ofa tungsten filament (the image is 
distorted like in a bad mirror) 
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" in 
the conversion of cenen 

of all substances consist 
even smaller particles known as atoms. 


The invention of the microscope madi 
Since then th i 


e !c molecules, The atom 
* considered as the Molecule of Copper and the 
Molecule, etc, 


hat happens to molecules and atoms of substa: 


re 
of copper can thet o 
iron atom as the ir 


x ical 
nces during a chemi 
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Fig. 1.7 Dj 
hydro; Diagram of ^ 
Togen; (b) oxygen; rem ot 


Teaction? 
? To a : s. ; 
nswer this question let us consider in detail the reaction of 


w 
ater decomposition. 


over 
üt a bum e Il be twice as 
ing splint to the mouth of the test tube containing the larger 
hydrogen. Put a glowing 

t of gas: the splint 


splint ; 
into 
the test tube containing the sma 
en. The decomposition of water into 


by the following diagram 


ater dui 
tically as in F 


What 
happens to the molecules of W 


V] 
are thus dee molecules of oxygen an! 
co Chemical ns by a chemical reaction. toms remain unchanged. 
ntained in "pos consist in the formation of new substances from the atoms 
ate US, the a: e initial substances. 
o om is the chemically indivisible particle of a substance. (In Greek 


los mi 
ean indivi 
s uncut or indivisible.) 
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oxygen hydrogen 


Fig: 1.8 A 


Pparatuses for electrolysis of 
water 


i È aii vided t9 
But there exist Phenomena in Which an atom can be further dine x 
turn into an atom of another type. Man can now create atoms that ha 

yet been found in nature. Th 


D s another 
IS is however the Subject matter of 
Science known as nuclear physics, 


€ o 
* o 


water hydrogen 


4 


oxygen 


Fig. 1.9 Schematic dia. 


Stam of Water de- 
composition 
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HEN mco 


1. What is an atom? Why can we not say, ‘an atom of water’ or ‘an 
atom of sugar? 
2. Which three types of atoms are contained in sugar? (Remember 
what substances were discovered by us among the products of sugar 
decomposition.) 
3. What is a chemical reaction from the viewpoint of the science of 


atoms? 
4. How can we explain the existence of so many substances around 


—— us? 


~ 


1.8 Simple Substances and Compounds 


We have already become acquainted with substances that 
differ in their composition. Some of them, e.g. gaseous 
oxygen or hydrogen, consist of molecules formed by atom? of one type only. 


Hydrogen and oxygen are thus simple substances. Others, for example water, 
known as compounds. 


are composed of atoms of various types. These are © i 
Substances consisting of atoms of one kind are called simple 
Substances composed of atoms of various types are compounds. 

can name many other simple 


Apart from h 
ydrogen and oxygen We à 
Substances such as sahi sulphur, and all metals (iron, copper, magnes- 


lum, etc.). Graphite i f one type, known as carbon 
$ MSN of atoms O > 
) phite is composed YES opper atoms, etc. 


atoms; iron i i ; r 
> consists only of iron atoms; coppe 
The difference between mixtures and compounds should be clearly 
Kk 4 j ixed them t 
Onsider powdered sulphur and iron. In our experiment we mIxec em to 
ee a mixture of two omnes in which sulphur and € retained their 
ividual i : any new compounds. 
properties and did not form any king À g of alpni dad 


Now A tà 
| prepare a mixture of the same substances A 
8 of iron. Place the mixture in a test tube and heat slightly over a burner 


lE 1.10). When the mixture begins to redden, remove the bargen x4 
1 Serve: the mixture will continue reacting and will soon herom l ho 
is indicates that a chemical reaction occurs between iron and SU p uer 
© evolution of heat. Cool the test tube, break the contents, rin them dn 
à mortar, and examine. We shall distinguish neither sulphur bs on 
Particles. The product of the reaction is a black osa ennt pow een 
Magnet over th : i articles are attracte s 
e powder: no iron p I $ asu 
TOpped in wa i be separated into Iron an sul- 
ter, the powder also fails to De : 
a The black deis n differs from both iron and sulphur In its density, 
elting point, and i her properties. 
Iron and sul and in all other prope ntirely new substance, iron 
to form an € y 
h Nilglur cositas MA e shown as follows: 


su : 
'phide. Conventionally this reaction can b 
4 = iron sulphide 


and Compounds 


Substances, 
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Fig. 1.10 Addition 


reaction between iron 
and sulphur 


iron Sulphur O 


Fig. 1.11 Formation of iron su hide: 
circles designate iron anq dem nuu 
sulphur atoms s 


iron sulphide 
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this is impossible with sulphur and iron combined in a compound. Any 
mixture differs from a compound in that the properties of the individual 
components of the mixture are not altered. 

OA CA S qd O ie os m CHE ctt umMccuu s 


? Keans - 
^ 1. A molecule of carbon dioxide contains one atom of carbon and 
some oxygen atoms. Is carbon dioxide a mixture or a compound? 
2. What is the difference between steam and a mixture of hydrogen 


with oxygen? 4 md 
3. Describe the reaction between iron and sulphur and explain it 


from the aspect of atomic science. 


ht ni eam SE 


1.9 Chemical Elements 


ther word that chemistry borrowed from the 


Element is ano 1 $ 
physical universe was 


A ancient thinkers, who believed that the 
mposed of four simple substances: fire, air, water, and earth. 

The chemical element means the same as a type of atoms. Oxygen atoms 
are the atoms of one type, or of one element called oxygen: the atoms of 
he are atoms of another type, of the element known as mercury, etc. At 

Present time 107 types of atoms, or 107 chemical elements are known. 
acs of them are found throughout the universe, making up the most 

Mote stars and nebulae. 

Sù se aeniea element should be differentiate 
Sugar p» We discovered carbon among the pro e iria dp: 
suga, once we can conclude that carbon atoms are a comp p e 

e» ak But it would be wrong to think that à colourless water-soluble 
ede sugar contains the black insoluble substance coal. iced ese 
Hed they combine to form coal, have first to break their bonds with atoms 

Other elements. This has happened in our experiment with the thermal 

and jeeosition of sugar. The same happens to food if we leave it on the stove 
get to turn gas off in time. , 
arbon and coal differ. hed is a definite type of atoms, In other words 
m chemical element. The atoms of the elouent carbon mey ae oe 
us c i in the free state. 
ompounds and may be isolated in stance which we know as 


co . 5 
on with each other to form the simple sub 


d from the notion of ‘simple 
ducts of decomposition of 


it is 
Vari 


A. this particular case the chemical element (carbon) and the 
responding simple substance (coal) have different names, but most 
ie e given the same name as the corresponding smpe poene 
elem, Words ‘oxygen’, ‘iron’, etc, may therefore mean both d € 
E a and the simple substance. We must learn to distinguis wa 
simpl When we say ‘man breathes oxygen’ Or ‘oxygen Is a d hubo t : 
Sain Substance called oxygen (in other words we mean ae so 
the ex But when we say ‘oxygen is contained in mercury oxide we mean 
attract ical element oxygen (oxygen atoms). When we say “a magnet 

5 iron’, or *pails are made from iron’ we mean Iron as 8 simple 
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substance, whereas in the sentence 

mean the chemical element iron. 
All chemical elements are d 

nonmetals. The atoms of metal 


: — 
"iron is a component part of rust w 


» have many properties in common 
e, and readily gonder 
also malleable and can be forged into differen 
lass which is brittle and falls into pieces wien 
ncludes iron, copper, aluminium, mercury, gold. 
of chemical elements are nonmetals. The m 
includes carbon, oxygen, hydrogen, sulphur, etc. The atoms of DORT ale 
also combine with one another to form simple substances. But unlike me : 

ir si not have very much in common. Their perti 
€ of metal properties, i.e, they have no meta 
uctors of electricity and heat. 


shapes (unlike, for example, g 
struck). The group of metals i 


? 1. What is a chemical element? 
A^ 2. Into what two ma 
at are the 


d 
Ing sentences in your note-book 865 
: " where a chemical element is meant: (2 
pure water contains oxygen; (b) t i 


Chemistry uses its 
composition of ş 
between them are described, 
Each chemica] element is given its own Symbol, which is the initial letter 
of the name Or its first lette 


, e 
own language of symbols by which p 
ubstances and the reactions  occurr! 


e e 

designate both the element hydrogen and On 
atom of hydrogen. The letter O means the element oxygen and one pay o 
Table Te C, the chemical element carbon and a carbon atom, etc. (5€ 


Se Te designated 
Initial letters of their English nam 


. r G 
by letters that do not coincide with th 
Latin argentum), and of m 


: s 
Ss, e.g. the symbol of silver is Ag (stands 
ercury is Hg (Latin hydrargyrum), © 


y h 

/ 1. Remember the symbols of the elements given in Table L 

È 2. Which of the tabulated elements are known fo you as existing 1" 
the free State? 
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Table 1.1 


Names, Symbols, and Atomic Weights of Some Chemical Elements 


PE Atomic Name of Atomic 
clement Symbol weight chemical Symbol weight 
(rounded) element (rounded) 

Aluminium Al 27 Mercury Hg 201 
Carbon G 12 Nitrogen N 14 
Copper Cu 64 Oxygen o 16 
Hydrogen H 1 Phosphorus P 31 

Tron Fe 56 Sulphur S 32 


Note. The other chemical elements will be given in Table IL on page 


115 further in the text. 


1.11 Atomic Mass (Weight) 


However small the size of an atom may be, the weight of 

each chemical element has been determined. If we were to 
express the weight of atoms in ‘the mass units that we normally use in 
everyday life (kilograms or pounds), the way of writing them ‘would be very 
inconvenient. For example, the weight of a carbon atom 1S 

m, (C) = 0.000 000 000 000 000 000 000 02 g=20x 107 g= 


= 2.0 x 10776 kg 


While the weight of oxygen atom is 
m,(O) = 2.66 x 107” g— 2.66 x 10776 kg 


It would di or to rform calculations. 
be ese figures, OF pe : 
3 ifficult to remember th g to express the wei t of 


Clentists have the: ial system 

i refore developed a special SY : : 

ifferent atoms. They assumed a special unit, known as atomic, p he 
(amu), which is 1/12 the weight of a carbon atom, while the weig " ha 

Pe: chemical demens are compare, (o hs rite Wei Ma 

Omic mass unit -24 g Atomic weights 
measures 1.66 x 10 ^ 8 5 a 
elements can thus be expressed by whole numbers, which are actually their 


relative weights. The relative weight of an oxygen atom, for example, is 


2.66 x 10g c 

0.166 x 10°77 g m 

Atomic weights of all other chemical elements can be calculated pex 
The relative atomic weight of an element is the vang o 


its atomic wei A bon atom. 
; wel; weight of carbon | . " . 
It is denoted be m. oe nac weight isa dimensionless quantity, which 


Should be differentiated from the weights of atoms expressed in atomic mass 


units (am 
-4 duct of the relative weight of 
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the element and 1 amu. For example, 


m,(O) — 16 x 1 amu — 16 amu 


Compare: 
m,(C) = 12 amu; A,(C) 2 12 
m,(S) = 32 amu; A,(S) = 32 
m,(H)=1 amu; A,(H) 21 
m,(Fe) = 56 amu; A. (Fe) = 56 


Relative atomic weights of some elements are given in Table 1.1. 


? 1. What is the difference between 

A element and the Mass of its atom? ah the 
2. How does the mass of the Magnesium atom compare with 
mass of a carbon atom? mu 
3. Which of the following figures: 10 amu, 30 amu, 36 amu, 48 a i? 
can designate the atomic weights of carbon and fnagrestum. 

4. Calculate the relative atomic Weight of hydrogen if the mass 

the hydrogen atom is 

m(H) = 0, 


000000 000.000 000.000.000.001 66 g — 1.66 x 10°74 g 
1.12 


Constant Composition 


i Š i an 
a relative atomic weight of 


g of iron. Why can we not take. 
of iron? 

One atom of iron 
This means that reg 
composed of equal 


combines in iron Sulphide. with one atom of pei 
ardless of the total Weight of iron sulphide, it will 
numbers of sulphur and iron atoms: 

m, (Fe) : m, (S) = 56 amu :32 amu = 56 8:32 g=7:4, 

or A, (Fe):4, (S) = 56:32 = 7:4 


of iron weighing 7 g 
oms contained i 


An amount 
as the total of 
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NS ee the initial weights of iron and sulphur may be, the 
bow peine the resultant iron sulphide will always be the same: 4 parts 
ids nue sulphur will combine with 7 parts by weight of iron. When we 
oxygen EL by any known method, and from any initial quantities of 
of h nd hydrogen, water will always contain 8 parts of oxygen per 1 part 
ydrogen. 
thee ein of any compound is always on 
mi hod by which it has been prepared. A com 
ixture by a definite known weight proportion 


element: a ; r 
ment; the proportion of components in à mix 
arbitrarily, 


e and the same regardless of 
pound will thus differ from 
of its component chemical 
ture may be varied quite 


E 


were taken for a reaction. Which of 


these substances will be consumed in the reaction completely? What 
is the weight of the resultant iron sulphide? Which substance has 
not been reacted? What is the weight of the unreacted residue? 


Make mental calculations. " k 
2. One atom of zinc combines in zinc sulphide with one sulphur 
atom. What weights of zinc and sulphur should be taken for their 
reaction so that zinc sulphide alone will be produced (without 
admixtures of suJphur or zinc)? (The atomic weight of zinc is 65 and 


of sulphur 32.) 


1 13 Chemical Formula. Molecular Weight 
osition of a substance by chemical 


The expression of the comp 
symbols is called the chemical formula of a substance. We 


Obtain formulas of simple substances by writing the symbol of the element 
and indicating the number of atoms by a subscript. Molecules of hydrogen 
and oxygen contain two atoms each, and their composition 1S thus expressed 


by the formulas H, and O2- 

In order to write a formula of a compound one must know of what 
chemical elements the compound is composed, and the number of atoms of 
one element that combine in this compound with a definite number of the 
other element’s atoms. The formula of a chemical compound is thus 
expressed by the symbols of chemical elements contained in the compound, 
and by the subscripts (to the lower right of each symbol). A molecule of 
water, for example, consisting of two hydrogen atoms and one oxygen atom, 


is represented by the formula H,0. ; 
In the case of a solid with a non-molecular structure, ats component 
elements are assumed to be present in the same proportion as In a crystal, 


e.g. Fes: . . 
What information does a chemical formula contain? A chemical formula 


indicates if this is a simple substance Or à compound, what chemical 
elements form the substance, and the number of atoms of one element that 
have combined with a definite number of atoms of another element. But this 
information is far from exhaustive. What else can be learnt from a formula of 


1. 7 g of iron and 7 g of sulphur 
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i i chemical 
a compound? We can calculate the relative molecular weight of a 
ound (M,) using its formula. . rado 
eo i "ne vnus molecular weight of a substance is bos I 
of the molecular weight of a substance to 1/12 the weight of anni it is 
In order to calculate the relative molecular weight of a subs 


i i is er of 
necessary to sum up relative atomic weights multiplied by the numb 
atoms of each element. 


For example, the relative molecular 


weight of water M, (H,O)=1x2+ 
+ 16=18. The weight of a water mo 


lecule in atomic mass units (amu) is 
Mma (H;:0) 22x 1 amu +16 amu — 18 amu 


If a substance has a non-molecular structu 
of this substance will be defined às the sum 
elements, multiplied by the number of 
Substance. In this case 
à conventional molecule of — 

The weight fraction of an element can be calculated from the chemical | a 
mula of the substance. This is the ratio of the weight of atoms of the nt 
element to the weight of the molecule, expressed usually in fractions of unity 
or in percentages. 

The weight of a water molecule 
and oxygen it contains are 2 a 
fraction of hydrogen in 


ight 
re, the relative molecular M» 
of relative atomic weights o ihis 
atoms in the formula of 


"AS of 
the formula expresses the composition 
the substance. 


is 18 amu, while the weights of hydrogen 


ight 
mu and 16 amu respectively, The weigh 
water is 


2 amu:18 amu —0.11 or 11 per cent 


The weight fraction of OXygen in water is 


: (d 
stance can further be used to iue ae p 
lative molecular weight of a substance and the weight of its molecule 
; (2) the weight fractions of i i 


er 
the elements in a given substance (in p 
cent). 

It is necessary to em 
mulas. It is e. 


former case 


; Phasize cer 
Ssential, for example, to 


.> are combined ; 
come across à Single © 


: » it indicates one atom of oxygen. 
We want to Indicate th d 
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A figure standin; i 
g before the formula is called the coefficient and indi 
the number of molecules of a given substance. mien 


9 
5 1. Use chemical symbols and formulas to desi 
ignate one ox 
^ atom, two oxygen atoms, one molecule of oxygen, two ial 
molecules. S 


2. What do the following notations mean: 5H, 3C, 7H ? 
Calculate the weight of a given number of atoms or e eres 
atomic mass units (amu). 

3. Which of the following figures referring to the chemical elements. 
carbon and oxygen, are correct: 8 amu, 24 amu, 32 amu, 47 amu? 
Why cannot the remaining numbers be referred to these elements? 
4. Write the chemical formulas of (a) water, and (b) iron sulphide. 
Calculate the relative molecular weight of each substance. 

5. Can water exist as: (a) 10, (b) 150, (cj 36 atomic mass units? 
Reason your answer. 

6. The relative molecular weights of one compound consisting of 
carbon and oxygen and another compound of free nitrogen are the 
same. (A molecule of nitrogen consists of two atoms.) Write down 
the formulas of these two substances. 
7. A compound of nitrogen with oxygen and a compound of carbon 
with oxygen have the same relative molecular. weight of 44. Derive 
the chemical formulas of these two compounds. 

8. Calculate the weight fraction of each element in the substances 
given below from their chemical formulas: (a) ferric oxide Fe;O;, (b) 
carbon dioxide CO,, and (c) magnesium oxide MgO. 

9. Read the formulas below, perform all the necessary calculations, 
and decide what information can be derived from them about the 
given substance: (a) glucose C,H,50,. (b) sulphuric acid H,SO,. 
10. A molecule of sugar consists of 12 carbon atoms, 22 hydrogen 
atoms, and 11 oxygen atoms. Write the chemical formula of sugar 
and calculate its relative molecular weight. 

11. Without referring to the table of atomic weights decide which of 
the following substances contains greater amount of iron: (a) 1 ton 
of iron sulphide or 1 ton of pyrite (FeS;); (b) 1 ton of magnetite 
(Fe,O,) or 1 ton of haematite (Fe,03)? . . 
12. We know that sulphur reacts with iron to form iron sulphide. 
But under certain conditions 7 parts by weight of iron can combine 
with 8 (not 4) parts by weight of sulphur. Derive the formula of this 
compound. 

13. When sulphu 
obtained compound is 
formula of this compound rem 
sulphur atom. 


ge i LL icc 
1 A 4 Valency 


Up to now you have us 
from the textbook. How 


r burns it combines with oxygen. The weight of the 
f sulphur. Derive the 


twice the initial weight o 
embering that its molecule has one 


ed the formulas of substances taken 
are formulas of chemical compounds 


derived? This is done on the basis of information about the quantitative and 
qualitative composition of substances. It has, for example, been established 
experimentally that water is formed from 8 parts by weight of oxygen and 
one part by weight of hydrogen. The minimum quantity of oxygen that 
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a molecule of water may contain is one 


en 

amu. It follows that the molecule of water contains two atoms of er is 

because the atomic weight of one hydrogen atom is 1 amu. This i for the 
used in cases where the formula of a given substance is determine 

first time, d iffi- 

The number of chemical substances is immense and it would be ve 

cult to remember all their formulas. But once we know the rules due for- 
atoms of various elements combine into compounds, we can derive 


: a ; erty of 
mulas of various compounds. To do this, consider the special property 
atoms known as valency. 


Consider the formulas of Some compounds: 
HCl, H,O, NH, CH, m 
r A wit 
It will be seen from these formulas that one chlorine atom combines 
one hydrogen atom, one atom 


of 
of oxygen with two hydrogens, one ai 
nitrogen with three hydrogens, and one atom of carbon with four hydr 
atoms. 


The property of atoms to a 
atoms of other elements is called the valency. cy- 
The valency of a hydrogen was adopted as the unit of valen E 
A hydrogen atom cannot combine with more than one atom of any em 
element. This Will be seen from chemical formulas of the following 
compounds 


HBr, H,O, PH; 
These formulas can be written as foll 


" sop ie 
atom, whose atomic weight is 1 


f 
dd a definite number © 


SiH, 


Ows: 


€ formula of water S 


fe 
s * OXygen atom but ar ; can 
above formulas sh hat atoms of some elements (chlorine, bromine) * of 
one hydrogen atom, These elements are univalent. Atom: 
other elements (oxygen, fo; 


ms. 
* example) can combine with two hydrogen ato 
divalent, etc. 


h hydrogen j i AE. 
combined with d atom of sa reds y the number of hydrog 
hydrogen atoms and oxygen atoms in th 
valency units of hydroge; 

valency of the ox 


a carbon atom (4 


o 
e molecule of water. The mu ehe 
ms in the molecule of water (2) is equal to o 
(also 2). In methane, CH,, the valency is 
the sum of valency units of four hydrog 
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dem ete de inier A 2 iier compounds, consisting of two 
valency units of ncy units of atoms of one element equals the sum of 
inalt s of atoms of the other element. The valency of a hydrogen atom 
vlene rhe lbi is 1; in other words, hydrogen is always univalent. The 
offen a of an oxygen atom is always 2, i.e. oxygen is always divalent. We 
ity orsi word ‘atom’ when we speak of valency and would normally 
ieee ency of the element’ instead of the ‘valency of atoms of the 
T ince valency of one element in a compound consisting of two elements 
ed em compound) is known, the valency of the other can easily be calculat- 
ER nce we know that the valency of oxygen is always 2, we can easily 
"s rmine valencies of other elements from their oxides. For example, the 

rmula of phosphorus oxide is P;O;. In order to calculate the valency of 
Phosphorus, the total number of valency units of oxygen should first be 

etermined. This can be easily done by multiplying the valency of the oxygen 
atom by the number of oxygen atoms contained in the molecule of phos- 
phorus oxide: 2 x 5— 10. The total number of valency units of two phos- 
Phorus atoms in this compound must be also 10. Hence the valency of the 
Phosphorus atom is 10:2 — 5. It is customary to designate the valency of 
elements in chemical formulas by writing Roman numerals above their 


Chemical symbols: 
VII 


P;0; 

Some chemical elements have constant valency in all their compounds 
While other elements havé varying valencies (see Table 1.2). Sodium and 
Potassium, for example, are always univalent; while oxygen, zinc, magnesium, 
and calcium are always divalent. Their valency is constant. Among the 
metals, which we shall very frequently deal with in this course of inorganic 
chemistry, copper and iron have varying valencies. Depending on the other 
element with which these atoms with varying valency combine, and also on 
the conditions under which the reaction occurs, they display this or that 


valency. 
Table 1.2 
The Valency of Some Elements 
Valency Metals Nonmetals 
(univalent) I Na, K, Ag, Cu, Hg H, CI 
(divalent) H Mg, Ca, Ba, Cu, Hg, Fe, O, S 
Zn, Sn, Pb, Cr 
(trivalent) III Al, Cr, Fe N 
(tetravalent) IV C, S. 8i 
(pentavalent) V NP 
(hexavalent) VI S 
Note. Elements with constant valency are given in bold type. 
1.14 Valenc 
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3-230 


; icular 
In order to specify the varying valency of an element in a po 
compound, a Roman numeral is given in parenthesis after the Arm ea 
element: FeCl, is iron(II) chloride, FeCl, is iron(III) chloride, SO; 
phur(VI) oxide, SO, sulphur(IV) oxide, etc. 
? |. Write the formulas of hydrogen compounds mentioned in this 
A si 


A i A f the 
ection and use Roman numerals to designate the valencies o 
elements combined with hydrogen. 


: he 
2. Write down formulas and use Roman numerals to gone S, 
valency of elements in the following compounds: (a) ALS; hese 
MeS, CS,, Cu,S, PbS, Ag,S, ZnS (sulphur is divalent in 


I> 
compounds); (b) KCl, CaCl,, FeCl,, CCly, PCI,, ZnCl,, CrCls 
and SiCl, (chlorine is univalent). 


s ; " O; 
3. What is the valency of: (a) copper in its oxides Cu,O and Cu 
(b) iron in FeO and Fe;0,? 


9 
h w? 
4. What elements with a constant valency of 1 and 2 do you kno 


1 15 Derivation of Formulas by Valency 
LJ 


Once the valenc 
binary compoun ‘valent: 
the formula of aluminium oxide, knowing that aluminium. is triva ii 
Superscribe the Roman numerals III for aluminium and II for oxygen: AIO. 
The | 
: ; of 
oxygen (3 and 2) is 6. In order to determine the number 
aluminium and oxygen atoms, divide the 
valency of aluminium (3) to obtain 2 
aluminium atoms is 2, 


h element by the number of its atoms to ant 
. The products are equal which means that the formu e 
i derive a chemical formula of a substance from ica 
elements it is necessary: (1) to write the pp 
€ elements and superscribe the valency © f the 
A merals, (2) to find the least common multiple o 
numbers exp, ir valency, (3) to divide the least common multip! si 
the valency of each element, and (4) to subscribe the obtained index tO 

f the element, 


5 ds: 
x 1. Using Table 1.2, derive formulas for the following compoun 
I ul n - 
(3) Ca CL. MgN, ^ ALS, Fe,Cl,, C,Cly; 
©) Mesi, — sio. Ca,P,, SKE A : 
2. Determine the formulas of compounds formed by oxygen and 
34 
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following elements: (a) Mn(VII), Cr(VI), Sb(V), Sn(IV), C 

v ] ] ] , Cr(III 

Hg(D; (b) CKVID, S(VI), As(V), Pb(IV), B(IID, p ima ND 
chemical symbol of oxygen in these formulas is written second. 


1 16 The Theory of Atoms and Molecules in 
" Chemistry 
We have learnt that the molecular theory explains physical 
phenomena occurring with substances. The atomic theory 
helps the molecular theory to explain chemical phenomena. The two theories 
are combined in one theory of atoms and molecules. The essence of this 
theory can be expressed in the form of a few propositions: 
1. A substance is not divisible to infinity, but only to the level of its 


molecules. s 
2. Molecules remain unaltered in physical phenomena and are destroyed 


in chemical phenomena. 
3. Molecules of substances consist of atoms; atoms, unlike molecules, 


remain unaltered in chemical reactions. 
4. Atoms of each type (element) are alike but differ from atoms of any 


other type (element), for example in their weight. 

5. A chemical reaction consists of the formation of new substances from 

the atoms of which the initial substances were composed. 

The atomic theory can be traced back to ancient Greece (i.e. to the 
pre-Christian era). The ancient philosophers abandoned the belief in God or 
miracles and tried to explain all mysterious natural phenomena by ordinary 
causes—the combination and separation, migration and mixing of invisible 
Particles, atoms, that have existed eternally. The atomic theory was 
Persecuted for centuries by the church as contradicting the belief in God. 

€ supporters of the new theory were condemned and their books were 
burned. But the ancient philosophers gave the name of atoms to the particles 
that we now call molecules. They could therefore only explain physical 
Phenomena such as wind, storm, propagation of odour, evaporation of water, 
etc. 

The fundamentals of the theory of atoms and molecules were formulated 
in the middle of the 18th century by the great Russian scientist 


M. V. Lomonosov, who declared the study of the structure of substances as 
the main subject of chemistry. But the theory of atoms and molecules was 
19th century when J. Dalton worked 


universally accepted only early in the 

Out his theory of the atomic weights of elements. — . . 
Chemistry became a genuine science only after scientists began interpreting 

chemical reactions from the viewpoint of the theory of atoms and molecules. 


1. In 1745 M. Lomonosov wrote:“The element is a part of the body, 
4 which does not consist of any smaller particles that can differ from 
Corpuscles are accumulations of the elements into 


one another... é n t e 
. Corpuscles are identical if they consist of the same 


a small mass.. E wes A 
number of the same elements which are similarly interconnected... 


Corpuscles are different when their component elements differ and 


E 
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Mikhail Vasilievich LOMONOSOV 
(1711-1765) 


The great Russian scientist. He was born 
into the family of a fisherman. The Russian 
poet Alexander Pushkin wrote that 
Lomonosov was “a historian, thetorician, 
mechanic, chemist, mineralogist, artist, and 
a poet; he tried everything and was 
a success in all he did". Lomonosov 
substantiated the law of conservation of 
mass and explained the essence of metal 
Toasting. He formulated the main 
Principles of atomic-molecular science, 
introduced quantitative methods of 


investigation into chemistry, and united 
chemistry with physi 


cs to give a new 
science, physical chemistry. He used to say: 
“Without knowledge of the internal struc- 
ture of imperceptible Particles physicists, 
re especially chemists, wander in the 
ark". 


are interconnecte, 


d in a different way or in different p 
accounts for the infinite variety of bodies.” (Emphasis a Oncepis 
re these formulations with modern c 


authors). Compai 
molecules and at 


John DALTON (1766-1844) 


E was 
An outstanding English scientist. He zni 
the son ofa weaver and studied physi 1 
mathematics by himself. At the Ae OD à 
ecame a teacher at a village sc weights 
introduced the concept of atomic io the 
and thus contributed much toms. He 
development of the theory of a formulas 
was also the first to use chemical 
and succeeded in Cs for- 
composition of substances from t e [ro 
mulas (his formulas differed, however. 
those we use now). 


- this 
rs; 

the 

by of 


body: 
oms. Replace the underlined words (element, 
corpuscle) by th 


(substance, moli 
2. Rewrite the 
following wor 


o 
: use n 
e corresponding words that we would 

ecule, atom). 


i ith the 
sentences given below and fill in the blanks wi! 


ving ds: molecule (molecules), atom (atoms). 
(a) Air is a mixture containing -... Of oxygen. 
(5)... of Water contain .... of oxygen. 

(c) When 


eh. oxygen is dissolved in 
distributed 


among 
36 


are 
en 
water, of oxyg 


of water. 
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(d) The weight of an oxygen ...... is twice as great as the weight of 
an oxygen ...... i 

(e) Animals breathe ......... of oxygen. 

(D secur: of sugar contained in jam account for its sweet taste. 
(B A ipana of water consists of ......... of oxygen and hydrogen. 
(h) We smell the odour of an iodine tincture because ...... of iodine 


are volatile and evaporate from it. 

3. Before the theory of atoms and molecules was formulated. 

alchemists of the Middle Ages tried in vain to convert base metals 

into gold. Using the atomic theory prove the futility of their 

attempts. 
O———À———— ——— ——À—————— —— 


147 The Law of Conservation of Mass (Weight) 


The products of any chemical reaction consist of the same 

atoms that composed the starting materials (reactants). The 
atoms are not changed during the chemical reactions and it means that the 
weight of all atoms involved in the reaction should remain unchanged. If this 
is so, then the products of any chemical reaction should have the same 
weight as the total weight of all the starting materials before the reaction. At 
first sight, the results of some experiments might contradict this law. Take, 
for example, metal. If we roast it in air, it turns into brittle scales whose 
weight exceeds the starting weight of the metal. It can be guessed that the 
metal has joined with some particles from the surrounding air. How can we 
prove it? M. Lomonosov found a correct solution to this problem. Instead of 
heating metal in air he placed it in a sealed vessel and heated it (Fig. 1.12). 
The metal turned into scales, whose weight usually exceeded the weight of 
the starting metal. But when Lomonosov weighed the sealed vessel 
containing the burnt metal he found that the weight of the vessel remained 
the same. This proved that the weight of the air contained in the sealed 
vessel decreased by the same amount, that the weight of the burnt metal had 


increased. IM. . 
The mass (weight) of substances entering into à chemical 
reaction is always equal to the mass (weight) of the reaction products. 
This is the main law of chemistry called the law of mass (weight) 
conservation. Lomonosov formulated it as follows: 


Fig. 1.12 Metal placed inside a sealed 
retort 
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i ws: if a body 
"All changes occurring in nature can be m as o cns Ido 
l f its weight, the same weight will be adde ill be gained at 
ind if ao Portion of matter is lost it means that matter wil 
an | 
: neither 
pot c law of conservation of mass that arid oov m 
created from nothing nor transformed into nothing. Puce din nothing oF 
us that the product of a chemical reaction has been forme 


P nd 
involved a 
disappears leaving no trace, it means that some substances 
obtained in the reaction w 


er may 
W i i bserver 

hen, for example, a log of wood burns, an inexperienced o 

g e 

conclude that it 1s destro; 


reaction shows that the 


ight of 
he air) is equal to the yeer 
n formed. Nothing can be 


an 
and decompose it to nage i ol 
: its mass is 201 g. The we 
€action will th 


en be 
217 8-201 g- 0165 


T 1. Formulate the 1 
A PA 
0 


aw of conservation of mass. en and 
ercury(II) oxide was “composed to give 16 g of oye ary) 
18,0 mercury. What was the starting weight of mer d 
Oxide? " ha 
3. When M, Lomonosov broke the tip of the vessel in which broken 
Toasted the metal, the Weight of the vessel (together with me meta 
tip) proved to be &reater than the weight of the vessel an 
efore Toasting took place, Expla: 


1.18 


Chemical Equations 


If chemical fo 
in the react 
expressed by a chemical eq 


A chemical equation is the 
chemical formulas. 


ined 
" taine! 
rmulas of all Substances involved and ob 
lon are known 


be 
A r n 

» the chemical reaction ca 
uation, 


" à " ans of 
representation of a chemical reaction by me 
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aon pel a chemical equation of water decomposition reaction, for 
et e, write the formula of the starting substance (or formulas if there are 
i ra of them) to the left, and the formulas of the substances produced in 
is ee (reaction products) to the right. The formulas of the starting and 
sultant substances are joined by the symbol “+”: 
water > hydrogen + oxygen 
H,O > H3 +0, 
KE must put the coefficients before the formulas so that the number of 
oms involved in the reaction should (according to the law of mass (weight) 
ona be the same as that of the resultant products. In other words 
e equation should be ‘balanced’. Reason as follows: to form one diatomic 
molecule of oxygen (O,) two atoms of oxygen are required; in order to 
obtain them we have to decompose two molecules of water. Hence put the 


coefficient 2 before the formula representing water: 


2H,0 >H, + O; 
The number of oxygen atoms is now equal on both sides of the equation. 
But the number of hydrogen atoms remains unbalanced. Decomposition of 
two water molecules gives four hydrogen atoms (two diatomic hydrogen 


molecules). It means that the coefficient 2 should be put before the H, 
hydrogen and oxygen atoms 


molecule on the right-hand side. The number of : 
is now the same on both sides of the chemical equation and we can replace 


the arrow by the equality sign: 


2H,0 - 2H; + O2 
The equation shows that each pair of water molecules consisting of two 
hydrogen and one oxygen atoms gives two diatomic molecules of hydrogen 
in this reaction and one diatomic molecule of oxygen. 

Unlike algebra, the sides of a chemical equation cannot change places 
because the sense of an inverted equation will be quite different. For 
example, we change places in H,0.=2H, + O, to aktais 
2H, +O, = 2H,0. The new equation expresses quite a different reaction 
that can only be realized under different conditions. The former equation 


expresses the reaction of water decomposition; 


combinati i rogen. j . 
The diues pues n E to formulate the following rule: in order to 
draw a chemical equation, the formulas of the reactants should be € on 
is left and the formulas of reaction products on the right, and the plus sign 
Should be placed i en them. : 

The unie E kan: each element on the left-hand side ones d 
Same as on the right-hand side of the equation. In order to ba 
equation proper eeelficients should be placed 


1. Read the equation of the reaction between oxygen and hydrogen. 
What does this equation mean ij 
i 2. Write an equation for the reaction of de 


composition of mercury 
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1.48 Chemical Equations 


nd 
oxide (HgO) knowing that two substances, namely mercury (Hg) 2! 
oxygen (O;), are obtained. 


P z ions of 
3. Fill in the missing coefficients in the following equation: 
chemical reactions: 


(1) 2Zn + O, = ?ZnO (5) ?Mg + O, =2MgO 
(2) Fe + 3Cl, = ?FeCl, (6) 2Al+ ?CI, = 2AICI, 
(3) ?Ag-- S = Ag,S (7) 2Al+ 9S = ALS, 

(4) ?Na + Cl, =2NaCl (8) 2Al+ 20, = 241,0, 


s of 
Check if the number of each element on the left and right parts 
the equations is the same. 


liens a 
1.19 Types of Chemical Reactions 


Chemical reactions can be 
Decomposition reactions, P. 
substance) into a test tube (Fig. 1.13), clos 


divided into several main types- 


= Copper oxide + water + carbon dioxide 
Cu,CH,0, = 2CuO 


r ns are characteriz, 
Substance gives se 


Veral reaction pr 
three new Substances), 


A chemical reaci 


ed by a common feature: one Mt 
oducts (water gives two, and malac 


; " n " ral 
- tion during which one substance gives seve 

new substances js called the reaction of decomposition. 

: I Can Simple substances undergo a reaction of decomposition 

A cason your answer. 


an a reaction of 


es, (b) 
1 eco. iti i imple substances, ( 
compounds decomposition give (a) simple 


? Give examples. 
Addition reactions. If d 


B Scomposition alone were to Occur in nature, a 
composite substances (compounds) would have long ago decomposed an 
Chemical phenomena Would not occur any longer. But there exist other 
reactions in nature. 
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malachite 
carbon dioxide 


Fi 
1g. 1.13 Decomposing malachite 


. When copper is heated in air it becomes coated with a black film: copper 
1S transformed into copper(II) oxide: 
copper + oxygen = copper(II) oxide 
2Cu +0, = 2CuO 
Remember the reaction in which iron(II) sulphide 
Obtained: 


(ferrous sulphide) is 


iron + sulphur = ferrous sulphide 


Fe +S = FeS 


The reactions seem different but they have one 

substances (in our examples, two substances) r 

Reactions in which several substances giv 

are called addition reactions. . x . f 

Thus the addition reactions are the opposite © e reactions Oo 
decomposition. 


thing in common: several 
give one new substance. 
e one new substance 


? 1. Can an addition reaction give à simple substance? Explain your 
answer. 
Substitution reactions. Consider another type of chemical reactions. (We 


have not h a reaction.) 
yet come across such à ) b 
Place a blue solution of copper(I) chloride (CuCl,) in a test tube and 


i i i il wi become covered 
Immerse ai ili solution. The nail will very soon ) 
hag en he end of the reaction become 


with copper, while the solution will by t . i 
greenish, because it will now contain iron(II) chloride FeCl; instead of 
copper(II) chloride. The reaction can be expressed as follows: l 
iron + copper(II) chloride = copper + iron(II) chloride 
Fe + CuCl, = Cu + FeCl; 
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i chloride, 
If pieces of zinc (Zn) are dropped into the solution 2 cyt wat mane 
copper will be liberated as in the reaction with iron. TI le s RE Y forie 
turn colourless because the other product of the reaction rs ir Tallow 
ZnCl, which is colourless. The equation of the reaction 


i ide 
zinc + copper(II) chloride = copper + zinc chlori 
Zn + CuCl, =Cu + ZnCl, 


e atoms 

The atoms of copper in copper(II) chloride have been replaced a thus 

of iron in the first case and by zinc atoms in the second case. Milenio 

conclude that atoms can also substitute for one another in o om 
Chemical reactions between a Simple substance and a i ane: of 

in which the atoms of the Simple substance replace the atoms o 

the elements in the compound, are called substitution reactions. 1 reactions: 

Later we shall get acquainted with one more type of chemica 


l. Place a mixture 
a test 


2 er is 
m is a simple substance and the Ou hat 
a compound. Describ f the reaction (they are two). 
is the type of the reaction? 
A 


ch 
ns do you know? Give examples of ea 
ns. ion mark 
Write down the reactions given below, replace the questio 

by the appropriate coeffici 


ent, and indicate the types of 
(1) 2P +20, +2P,0, 
(2) ?HgO > ?Hg + O, 
(3) ?Mg + O, > ?MgO 


(4) Zn + ?HCI> ZnCl, + Ho 
(5) CaCO, => CaO + CO; 

(6) Mg + CuCl, > MgCl; + 
+Cu M 
4. Which Substances can be neither decomposed nor obtaine 
addition reactions? 


if P r and 
nite the equations for addition reactions between sulphu 
the followi 


‘ver A 
ng metals: (a) magnesium Meg, (b) zinc Zn, (c) tain 
(d) aluminium Al knowing that the formulas of the o 
Compounds are MBS, ZnS, Ag,S and ALS,. " of the 

Write down equations for decomposition reactions 
following compounds: 1) oxide 
(a) platinum oxide PtO, , (b) silver oxide Ag;O, (c) mercury 
78,0, and (d) gold Oxide Au O,- 


ace a Copper Coin ii 


A the 
n takes place. Write the SoS ig that 
reaction and describe the Signs of the reaction (two) know of the 
corrosive sublimate is a colourless substance and the formula 
mpo is CuCl, ing 
8. The red pigment minium Pb,Q, can be obtained (a) by M ak 
lead oxide PpO, (which gas is ‘evolved during this reae bed from 
(b) by heating the yellow Pigment PbO (what gas is absorbe 
air for the Teaction i 


E types 
n ?). Write equations for both reactions. What ty! 
of reactions are they? 


Oxygen. 
Oxides. 
Burning 


2.1 Oxygen 


We have become acquainted with the basic concepts of 
diemi chemistry and now can proceed to the study of important 
pec ins] elements and their compounds. We shall begin with oxygen, 
an es oxygen is the most abundant element in the Earth's crust, in water 
b the atmosphere. All living organisms consume molecular oxygen for 

Teathing; burning, this very important and frequently occurring natural 


Teak 
€action, also consumes oxygen. 


At the end of the eighteenth century, an English scient 
aridus substances during heating. He aed a magnifying gla 
BH eat mercury(I) oxide in the apparatus shown in Fig. 2.1. Much gas evolved and 
» n Priestley thought it was air. But when he put a burning candle into the vessel 
a taining the gas collected he witnessed an unusual phenomenon which made 

Breat impression on him: the candle began emiting A.T bright light. 
ü Priestley placed one mouse into a vessel containing ordinary air and another into 

Vessel filled with the obtained gas. The mouse "n the first vessel soon died from 
Suffocation while the other mouse was as lively as before. Priestley tried breathing the 
gas and found it both easy and pleasant to breathe. The gas was Oxygen. 


ist John Priestley studied 
ss to collect the sun's rays 


oxygen 


mercury 
oxide 


mercury | : m 2% 


potassium 2% 
. magnesium 2% 
silicon ydrogen 1% 
26% others 2% 


2.2 Occurrence of elements in the 


Fig. i ^ i Fi 
8 2.1 Priestley’s experiment Pk: crust (in per cent by weight) 
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The chemical symbol of oxygen is O. Its atomic mass (weight) is e u 
valency of oxygen in compounds is constant and equals 2. The o " 3 
molecule O, consists of two atoms. The molecular weight of oxyge 
therefore 32. . , 

Oxygen is the most abundant element in nature (Fig. 2.2). It is Rep ia 
in the free state in air. But the greatest amounts of it are containe i ds 
compounds that make up rocks, minerals, and water. Oxygen vun e 
about 50 per cent of the weight of the Earth's crust (water and air umo 
Oxygen is also contained in the chemical compounds that build the a 
and plants. 

a -————————— 


R E s $ atural 

? 1. In what form is oxygen contained in the atmosphere, "imple 
waters, and in the Earth's crust? Is it in the form of a 
substance or in compounds with other elements? 


: 3 in river 
^ 2. Calculate the weight fraction of. oxygen in water H,O and in riv 
sand SiO,. 


ee | 
P e? 
3. What properties of oxygen do you know from your experienc 


Properties of Oxygen 


OXygen with simple 


is 
2 9f red phosphorus in an iron spoon. Red phosphorus } 
à simple Substance; it is į i 


: ; on 
ater; its colour is red. Put the SP à 
Teaction takes place. Set fire to eA 
n into the vessel filled with oxy8 


the 
i the pow issolves and 
solution becomes clear again. Powder soon disso 


The red insoluble Substance has turned ; i bstance with 
liberation of heat and light. Th ned into a white soluble subs 


Occurred. What is the role of 


2 Oxygen. Oxides, Burning 


Fi ; 
Oal Burning in oxygen of (a) carbon; 

phur; (c) phosphorus; and (d) iron 
UA in water. Pass the wire handle of the spoon through the stopper of 
ipsnm. m Ignite the phosphorus, place the spoon into the bell jar and close 
jar. Thi e stopper. As the phosphorus burns, the water level rises in the bell 
m. is indicates that the amount of oxygen decreases. It is consumed in the 

ction. 

a x have thus proved tha n 

w product. This is phosphorus(V) oxide P295. 

f coal into the flame of burner. 


ve Using an iron spoon, put à small piece o 
When the coal becomes hot, remove it from the flame and keep it in the air: 


I for a short while and then dies out. Coal does not readily burn in 
S old the coal in the flame again and then put it in a bottle filled with 
S a (Fig. 23a). The glowing coal will not be extinguished as in air but 
ünt turn white-hot and burn without flame or smoke and diminishes in size 
ü il it stops burning. Now intro g splint into the bottle. The 
m: of the splint will be quenched. Pour lime water into the bottle: it will 
eae cloudy indicating the presence of carbon dioxide CO, or carbon(IV) 
Ide, 
om chemical reaction has thus taken place: oxygen has co 
on according to this equation 


C + O, = CO: 


n upward pointing arrow indicates tha 
eaction is gaseous. 
te Ignite sulphur in a spoon. When in air, it burns wi 
» Ow lower the spoon into the bottle filled with oxygen: th 
nergetic (Fig. 2.3 b). Sulphur burns in oxygen with à beau 
&ive sulphur dioxide or sulphur(IV) oxide. The gas diffe 


t oxygen combines with phosphorus to form 


mbined with 


t the product liberated in the 
th a low blue flame. 
e burning is more 
tiful blue flame to 
rs from carbon 
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ts Th ioxide 
i i formula of sulphur dioxi 

ioxide: its odour is pungent and suffocating. je f a 

is SO, he reaction of sulphur burning in Oxygen Is expresse 

is SO,. T 


S + O, = SO, 


-—À in air. 
The rate of burning of substances in pure oxygen is higher than hys 
4. Substances that are usually considered incombustible, eg rp bottle 
oxygen. Attach a match to a steel wire, light it, and lower it = saat ‘opi 
containing oxygen: like coal, iron burns without flame or smoke f sparks 
a loud cracking, expelling molten iron droplets in the form i n mail 
(Fig. 2.3d). The molten droplets are scales of iron oxide Fe4O,. Iro 
in oxygen according to the following reaction 


3Fe + 20, = Fe,0, 


The composition of iron s 
where the point indicates a 


2Cu + O, = 2CuO 


Oxygen in the free state 


is one of the 
enters into various chemic 


i il 
most active substances that readily 
al reactions, 


? 1. Name (a) physical 
A burni 


WO Oo ; 
2*5 n 
5. Will a vacuum be created if an iron wire or coal are burnt ! 
à sealed bottle containing Oxygen? Explain your answer. 
2.3 


Oxidation, 
Chemical reactions of oxygen with substances are called 
oxidation reactions, while the products obtained in these 
reactions are called oxides. j 

Oxide is a binary compound consisting of atoms of two elements one of which 
is an oxygen atom. 


Oxides 
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Phosphorus burns to oxidize into phosphorus(V) oxide P,O;. Coal, sul- 
phur, and iron burn to give oxides as well, namely, carbon dioxide CO; (the 
oxide of carbon(IV), sulphur dioxide SO; (the oxide of sulphur(IV) and 
iron scale FeO, (composed of iron(II) and iron(III) oxides). 

Metal oxides, like iron scale and copper(II) oxide, are solids. Oxides of 
nonmetals may be solid (phosphorus(V) oxide) liquid (water) or gaseous 
(sulphur dioxide and carbon dioxide under normal conditions). 

Oxides are formed by the oxidation with oxygen of simple substances and 
of some compounds as well. Light a candle and place it into the bottle 
containing oxygen. The candle burns with a bright flame and droplets of 
water precipitate on the bottle walls. Water is the oxide of hydrogen H,O. 
Add lime water: it turns cloudy. This sign is known to indicate the presence 
of carbon dioxide, the oxide of carbon(IV). The candle is made of paraffin 
which consists of carbon and hydrogen elements. When a candle burns, 
carbon and hydrogen react with oxygen to give water: 


paraffin + Oz ^ CO, + H;O 
Let us make out the equation for the reaction of oxidation of compounds 
using the reaction of acetylene burning as an example: 

acetylene + oxygen ^ carbon dioxide + water 

C;H; +0: = CO; 4 HO 
First we must determine the number of (a) molecules of carbon dioxide and 
(b) water molecules that are formed by oxidation of one molecule of 
acetylene. A molecule of C,H, has two carbon atoms and a molecule of CO; 
has one carbon atom. This means that one molecule of acetylene gives two 


molecules of carbon dioxide. The C,H, molecule has two hydrogen atoms 
and the molecule of water also has two hydrogen atoms. Hence one 


acetylene molecule will give one water molecule: 
C,H, + Oz > 2CO, + H,O 
Let us now determine the number of oxygen ato 


r of oxygen atoms : 
ll be sufficient to build 


We have thus found the coefficients: 


Should be equal to the numbe 
molecules: 5 oxygen atoms. 
2(1/2) molecules of oxygen. 

Cj. + 20/30, — 20% v H,O 


But a fractional number of molecules 2 (1/2) is nonsense. Let us multiply all 
coefficients by 2. Then: 
4CO, + 2H,0 


2C,H, + 502 = 
arbon atoms, 4 hydrogen atoms, and 


Let us check the equation: there are 4c : 
10 oxygen atoms on the left-hand side of the equation; the number of atoms 


of these elements on the right-hand side is the same. 


2.3 Oxidation. Oxides a 


21 | —c——————O——————EÓ EN Á 


1. Write equations for the reactions of burning of (a) hydrogen Een 
phide H,S, (b) carbon disulphide CS,, (c) methane CH,. Will ai i 
odour be smelt during burning of (a) methane, (b) hydrogen -su 
phide, or (c) carbon disulphide? Reason your answer. ite 
A 2. Write the equation for the decomposition of copper ore azul! 


Cu,C,H,5O0, (only the oxides that are already known to us will be 
obtained in the reaction). 


3. What oxides do you know 
solid? (The three states of 
conditions of pressure and temperature.) " 

4. Write out the formulas of oxides formed from the following 
substances: SO, H,SO,, Na,SO,, ZnO, ZnsO, NO, HNO» 
5. Write the formula of a compound consisting of carbon and hy- 
drogen whose molecular Weight is equal to the atomic weight © 
oxygen. Write the reaction equation for burning of this compound. 


which are: (a) gaseous, (b) liquid, e 
aggregation are understood under norm 


of each zone of tube is 
Portion of the fl of the flame. If a glass 


h 1 ill 

ame (Fig. 2.5), hite smoke w 

Dx e ma it Thef moke is paraffin vapour. It can be ited. Ae cud thue conclude 
flame is formed by paraffin vapour. 


Fig. 24 Structure of a ca; 2 of paraffin vapour 

: 7 ndl z Fi i P i 
i ; ; idle flame: a ig. 2.5 Burning D zi 
Cone; c— outer zone 


rawn from the inner zone of the flame 
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charring 


Fig. 2.6 Charrin lint i 
x d g a splint in the flame of 


for example, into the middle zoni 

a y , e ol 

pe luminous cone. The cup. surface will become coated with soot. done 
at the luminous cone contains free carbon. The composition of the ‘outer cone of the 

paraffin flame is already known: there are the products of paraffin combustion 


mae wales vapour (team) and carbon dioxide. 

ut a splint into the flame for a short time as shown in Fig. 2 i i 
paN char where it contacts the outer cone of the flame. This deci eR. a 
as fhe highest temperature in the flame. pieone 

y is carbon present in the middle zone of the flame? When i 
match to the wick, paraffin melts and evaporates. Vapours rise fom The rani 
ignite. The high temperature of the middle zone decomposes the paraffin vapour into 
Carson and hydrogen *. Hydrogen burns due to air supplied into the zone from 
elow. Energy, liberated during the combustion of hydrogen, heats carbon particles to 
f the flame. As these particles move to the 


Put a cold object, a porcelain cup, 


a white hot which accounts for luminosity o 
p zone of the flame they burn, turning into carbon(IV) oxide. Luminosity of the 
ame here decreases while the temperature rises. 
the flame becomes almost non- 


las air is blown into the flame through a glass tube, bet 
ah inous and soot does not precipitate on a porcelain cup. This is explained by the 
ü undance of air favouring rapid combustion of carbon particles which therefore are 

ot retained in the flame. The flame in any furnace is formed in the same way. 


? 1. Name (a) physical phenomena and (b) chemical reactions which 
^ accompany the process of a candle burning. 
2. Describe the structure of flame and experi 
composition of its zones may be established. 
zones has the highest temperature? 
3. Put a burning candle in the sunlight. Hold a sheet of paper 
behind the candle and observe the shadow of the flame on the paper. 
This is the shadow of the luminous zone of the flame. Explain. 
4. Do all substances burn with a flame? 
5. How can a flame giving no soot be made? 


ments by which the 
Which of the flame 


_ 
* To be more exact, the paraffin vapour is decomposed into carbon, hydrogen, 
Ss oid hydrocarbons (compounds of hydrogen and carbon) The latter are 
ale. 
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2 5 Uses of Oxygen 


The property of oxygen to support combustion and breathing 

accounts for the many uses of this gas (Fig. 2.7). 
.Combustion of acetylene in oxygen is used to weld metals. An 
oxyacetylene torch (Fig. 2.8) consists of two tubes placed one inside the 
other. The inner pipe supplies oxygen and the outer acetylene. The two gas 
jets are mixed at the exit from the nozzle and lit. The flame is white and its 
temperature is 3000°C. An oxyacetylene torch can be used not only to wel 
but also to cut steel. To do this, a strong jet of oxygen is directed em 
a heated surface of the metal. Iron is known to burn in oxygen, and the Je 


of oxygen cuts steel by burning it out (as in drilling). The shower of sparks 
splashing from the hole cut in the metal consists of melted drops of iro? 
scale. 


Oxygen is consumed jn far, . it 
" 8€ amounts i and for 
increases each year. n industry and dem 


Oxygen is obtained industrially from air. For this purpose air is cooled t° 
low temperatures at which it is liquefied. Liquid air is then evaporated: 
Nitrogen and other constituents of air are vaporized at lower temperatures 
than oxygen which thus remain, 


; S in the liquid state. 
Gaseous oxygen is Stored and transported under high pressure in steel 
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O5 


A 
El 


= 


Fi 
1g. 2.7 Uses of oxygen 
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2.5 Uses of Oxygen 


5 1 oxygen -— — 


itd 
of liqu! 
Fig. 2.8 Oxyacetylene torch Fig. 29 Dewar flask for storage 
" oxygen 


ro 
3 i subze 
from heat because even in winter ee which 
temperatures) atmospheric air is ‘hot’ compared with liquid oxyg 

boils at a temperature of — 183°C. 


js thu! 
d. The space between the walls is evacuated (Fig. 2.9) and heat 1s 


; is therefor 
Very slowly dissipated through this obstacle, Liquid oxygen is 
evaporated very slowly in such 


5 in 
£ iiners 
‘porated | Containers. Large metallic pvc way: 
Which liquid oxygen is transported are designed in a simi 


b) 

and ( 

L Look at Fig. 2.7 and describe practical uses of (a) gaseous 1 

^ iquid oxygen, . tions 
ccn, POTmula of acetylene is C;H,. Write down equa T 
reactions that occur during stee] welding and cutting. rch and ter 
3. A diver Submerges with a burning oxyacetylene rede un 

flame is not extinguished. Explain how can metals be 

water. 


" cessary 
ght of liquid oxygen that is 1 (When 
to ensure compl i i 


SS ee 
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2.6 Preparing Oxygen 
In the laboratory oxygen is obtained by heating substances 
example, T readily decompose to liberate oxygen. These are, for 
a disinfectant) lum permanganate KMnO, (normally used in homes as 
eated it de and hydrogen peroxide H,O;. When hydrogen peroxide is 
composes to liberate oxygen and water 


2H,0, =2H,0+ O; 1 
ack manganese(IV) oxide MnO, 
The mixture formed can be easily 
filter, while the black powder is 
n the filter is the same 
in the reaction to accelerate 
roxide. The quantity of the 


t diminish during the reaction. 
tion of hydrogen 


them, 

eme remain unreacted are called catalysts. ‘ 
t ies is slightly heavier than air and is sparingly soluble in water. It can 
Ore be collected in two ways: above Water (Fig. 2.10), and by displacing 


Fi 
ig. 2.10 Collecting gas above Water 
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" eter 
Fig. 2.12 Collecting gas in a gasom 
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L——————————————— 
[2] Try to seta lump of sugar on fire. D i 
t . Does it burn? Put a h 
or cinder over the lump and set on fire again. tie won 
observations. What role does cinder play in this experiment if P is 
known not to burn nor to support burning? 


2.7 The Composition of Air 


The discovery of oxygen and the study of its properties 

opened the way to the study of the air composition. 
_ Take a bell jar which we have already used for combustion of phosphorus 
in oxygen (Fig. 2.13). Mark the glass at the water level and divide the 
remaining volume of the bell into five equal portions. The bell jar contains 
air, Now put a lump of phosphorus in the spoon, ignite it, lower the spoon 
in the bell jar, and stopper it immediately. Wait till the fire extinguishes (part 
of phosphorus remains unburnt) and the bell jar cools. The water level in the 
bell jar has risen to the second mark to indicate that the volume of air in the 
bell jar has decreased by one fifth. This is the volume of oxygen that was 
spent to burn phosphorus. It means that the oxygen makes about 21% by 
volume, while the gases that do not react with phosphorus are about 79%, 
that is 4/5 of air. 

Add water to the vessel to align its level with that in the bell jar. Remove 
the stopper from the bell jar and lower a burning candle into the bell jar. 
The flame of the candle is extinguished. Pour lime water into the bell jar: the 
gas in the jar does not make it cloudy. This indicates that the gas is not 
carbon dioxide. The gas does not support burning, or breathing. In contrast 
to carbon dioxide it does not act on lime water. The gas is nitrogen. 

When air was studied in more detail it appeared that in addition to 
oxygen and nitrogen, it also contains five other gases which are known as 


Fig. 2.13 Determining composition of 
air: a—apparatus before the experiment, 
and b-apparatus after the experiment 
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nitrogen 78% 


inert gases 0.94% 
carbon dioxide 0.03% " 
other gases and impurities 0.03% 
Fig. 2.14 Volumetric composition of air 


nd he- 
noble or inert. These are argon Ar, neon Ne, “pion rn as ot 2 244). 
i 3 € gases make up about | per cent of air by volu Tof 
me eed s that is their molecules consist of one a 


form 
Xenon and helium are nonmetals. They 
a special family of chemical 


at 
). It has recently been pu or 
some compounds (oxides included) can be obtained that include 
elements of higher atomic weights, 
In addition to the mentioned 


. mall 
Simple substances, air contains ks tof 
loxide (CO;) and water vapour (H,O). The am 
water vapour in the ai i 


als - in warm 
air varies depending on weather conditions: in 
and humid air, the content of is hi 


ty by the Constit 


and discharge. 
A special law was adopted in 19 


this 
<2 In its protection International cooperation in 
field is therefore very Important. 

: in the air? 
? 1. What simple Substances and compounds are contained in th 
^ 2. What is the compositi, i 


in 
Lavoisier. He gently heated md sed, 
a definite volume of air to establish that the volume of air 
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fE] , 
Prepare nitrogen as shown in Fig. 2.15. Examine its properties usi 
a burning splint. For the purpose of comparison, Ei The pei 


candle in a beaker filled with air. If a candle is not available, be 


inventive and burn something else. Describe i 
try to explain the phenomena observed. pags oor Neri 


2.8 Burning and Slow Oxidation 


A reaction accompanied by liberation of heat a 
burning. 

Burning in air is slower than in oxygen because oxygen:in air is diluted 
With nitrogen and a smaller number of oxygen molecules come in contact 
with the surface of burning substance than during burning in oxygen. The 
temperature of burning in air is lower than in oxygen because the heat 
liberated is spent not only to heat the products of combustion but also to 
heat the nitrogen in the air. Phosphorus burns in air and in oxygen to form 
the oxide of phosphorus (V); coal burns to give carbon (IV) oxide CO3; sul- 
Phur to give sulphur(IV) oxide SO;. When a knife is sharpened on a rotating 
emery stone, bright sparks fly into the air. The sparks are hot particles of the 
iron scale that is formed during steel burning in pure oxygen. 
ible substance on fire, it should first be heated to 


In order to set a combust 
a certain temperature, which is known as the ignition point of a substance. 


nd light is called 
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Fig. 2.16 Quenching fire 


ne must either 
below its ignition Point, or di 
Put a small amount of al 


: cover 
cohol into an open dish and fire it. Now 
the dish with a sheet of den 


] 
i " in oxygen, 
1. Why is the urning process slower in air and ah in air? 
A Why is the temperature of a flame higher in oxygen 
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2. What is necessary to ignite a substance and maintain its burning? 
3. What is the ignition point? ae 
4. How can burning be stopped? 

5. What is slow oxidation and spontaneous ignition? 


2.9 Uses of Air. Combustion of Fuels 


Slow oxidation reactions occur incessantly in the human 

body. When we feel well we do not experience any deficit of 

oxygen. The lungs of the mammalians are adapted to breathe air, rather than 
pure oxygen as is the case with fish which breathe oxygen dissolved in water. 
In order to ensure adequate oxidation processes in our body we only have to 
air the room in due time so that the used air might be renewed. 
The reaction of burning of combustible substances in air is widely used in 
industry and in homes. Materials that are burned for generation of heat are 
called fuel. Fuels may be solid, liquid, and gaseous. The main solid fuels are 
coal, peat, oil shales, and wood. Coal was formed in the depth of the Earth’s 
crust from plant remains. The maximum heat is liberated when the oldest 
coal is burned. This is known as anthracite. Since peat and oil shales have 


much lower heating values, they are mainly used locally. 
Petrol and kerosene are the main liquid fuels that are produced from 


petroleum. 

Natural gas is widely used as gaseous fuel and the field of its application is 
ever widening. Gaseous fuel has many advantages over solid fuel: it burns 
leaving no ash, and the furnace for its combustion is very simple and easily 
adjustable. It may be brought from its natural deposit by pipes. 

Figure 2.17a shows the simplest device—the furnace for combustion of 
solid fuel (such as wood or coal). Air is delivered to the furnace through an 
opening in the bottom (ashpit). In order to ensure rapid replacement of the 
gaseous combustion products by fresh air, blowers are used, or chimneys are 
attached to the furnace. Strongly heated gaseous combustion products give 
off their heat to water in boilers or to other heat-exchange media, and are 


released into the atmosphere through the chimney. A draught is thus 


provided by which fresh air is drawn into th 


the grates. 

Let us now use our knowledge of the general i 
reactions to explain the processes that occur in tà nace 
successfully br a chemical reaction, its operating p ma b. 
known. The operating principle underlying the reaction of combustion 
is that of the interaction ofa combustible material with oxygen. ^" 

Like all other substances, fuels combine in definite proportions wit 
oxygen. The amount of air delivered into the furnace should therefore be 


j i . If the air supply is in- 
suffi complete combustion of the fuel. 3 
se py pnm combustible material and vum — 
: ill be carried away from the furnace throug! the chimney. 
(carbon. black) wn nt in the smoke it becomes black. In 


When carbon black particle are prese 
order to ensure complete combustion of fuel we usually supply more air than 


ws underlying chemical 
e furnace. In order to 
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Fig. 217 Diagram of (a) furnace and (b) 
kerosene lamp 


O smel 
€ energy liberated 
form of heat. At po 
is then used for industria] pu 
liquid fuels (petrol, k 


to propel aircraft. 


Tposes, 
€rOsene, etc.) in interna] 


Combustion engines is e FS 
> Cars, and other Vehicles. Gaseous fuel is used for 
industrial and domestic Purposes, 

Oxygen is consumed no 


- j ight 
8 t only by man but by all living things. It m 
appear at first consideration th 


s be 
© store of oxygen in nature may thu: 
depleted over the years, But si i 


Oxygen content 
Botany teaches that the green plants absorb car RE E m 
liberate oxygen (in the light), is is why the store of oxygen in n fe, fle 
not diminish. The reversal of Oxygen in nature is known as 
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Mid have discussed the uses of air which are associated with the presence 
of oxygen in it. Let us now consider the other components of air. 
. The noble gases are now also widely used. Metals that are easily oxidized 
in air may be welded in argon. Krypton is used to fill electric bulbs. Since 
krypton does not affect the hot filament, the metal is not vaporized and the 
bulb has a longer life. Tubes filled with rarefied noble gases luminesce when 
electric current is passed through them. The colour of luminescence differs 
depending on a particular gas. Neon, for example, gives orange luminescence. 
Luminescent tubes are used for advertising purpose and as signal lamps. 
Light-houses equipped with neon lamps can be seen from a very long 
distance. 
Pont n 0 
A 1. A kerosene (oil) lamp (shown in Fig. 2.17,b) is the simplest furnace. 
What are the 'ashpit and the chimney in this lamp? If the bulb is 
removed from the lamp the flame becomes smoky. Why? If we light 
an oil lamp with its wick in the lowermost position, and then lift 
gradually the wick, the flame will become gradually brighter until its 
brightness becomes maximum. If we continue raising the wick, the 
flame dulls and becomes smoky. Why? The same picture is observed 
if we block part of the lateral openings with a finger. Explain. 
2. Take a candle and a length of a glass tube of about the same 
diameter as that of the candle, and try to repeat the experiments 


described above. 

3. Describe the design of a furnace and its operating principle. 
4. The chimney of an industrial enterprise emits black smoke. What 
does this indicate? 

5. What are the uses of the reaction of burning (a) in industry, (b) in 
agriculture, (c) in cars, (d) in the home? 

6. What are the uses of noble gases? 


a 1. Name (a) the fuel used in your home, (b) devices that are used for 
combustion of this fuel. Establish if water is produced during 
combustion of the fuel. np 

e a topic ‘What I know about fuels used in industry, the 


2. Prepar ed in 
methods by which they are burned, and the utilization of energy 


liberated during their combustion’. 7 
3. Tell what you know about the oxygen cycle in nature and about 


control of air pollution. 


Hydrogen. 
Acids. 
Salts 


Since acids first became know 
solutions of acids came into Contact with 


2 d 3 AG enry 
fire was applied to this ‘air’ it flared up or even exploded. The English scientist H 
Cavendish (who was a contemporar: of 

‘combustible air’ and to establish th. 


e 
1 pame of hydrogen. Hydrogen is à sn 
substance whose molecules are formed by two atoms of the element of tl 
name, 
3 1 Preparation of Hydrogen 
LJ 


The chemical 
ula of 


1 e 
completely, and a clear solution remains in the vessel, If we now evaporat 
it, a solid will precipitate, This is zinc chloride ZnCl, The reaction can 
described by the following equation: 


Zn + 2HCI = ZnCl 


Hydrogen is liberated from the aciq due to its displacement by zinc. bs 
explains the boiling effect: the acid comes into contact with the surface 
zinc to attack Zinc atoms a; 


evolving but finds HO Outlet from the santin eee 
bulbos Ano. z^ 


. le 
5 le a simp! 
1. Using the Objects shown in Fig. 3.2 one can — principle is 
A apparatus for the manufacture of hydrogen. Its ope! 
the same as tha 


ketch 
Kipp generator. „Draw he x of the 
apparatus. (Make sure that there is an opening in the 


"m working. 
ipp generator when it is Vo town m 
at is common to both the design of a gasome 

ipp generator? 


n if 

ic acid HC 
B5 In a test tube and add hydrochloric aci that 
Tite the equation for th i 


4 umber 
8 22 and calculate agere. does atom. 
OXygen atoms that occur in nature per one hy 


3 2 Physical Properties 9f Hydrogen - 
" te. 
Hydrogen is a colourless gas, with no odour or tas 


: ightest © 
tc’ at Very low temperatures. It is the ligh 
all gases. Its density is 14.5 times | 


Overturned flask j 
air which is dis 


Hydrogen 


Fig. 33 Hydrogen is lighter than air 


; dro- 
Fig. 34 Soap bubbles filled with by 
gen 
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Fig. 3.5 Pouring hydrogen from one con- 
tainer to another 


Hydrogen is sparingly soluble in water and it may therefore be collected 
by displacing water from a vessel. 
Bild cuiii cd capt — —— — 


? 1. What is the difference between the physical properties of hy- 
drogen and oxygen? j 
2. How can hydrogen be transferred from one beaker into another 
(Fig. 3.5) by displacing air from the latter? How can the absence of 
hydrogen in the former and the presence of hydrogen in the latter 


beaker be proved? 
3. How can hydrogen be collected in a vessel? What properties of 


hydrogen shall be utilized ? 
— Haa ŘŘ—ÁÅĀĂÁÁĂ 


3.3 Chemical Properties of Hydrogen 
Let us now become acquainted with the chemical properties 


of hydrogen. 
. Light a jet of hydrogen issuing 
its purity. Lower the burning torch 
(Fig. 3.6): the walls of the vessel become coate 
indicates that hydrogen combines with oxygen to for Nov 
a metal plate over a flame of burning hydrogen (in air, as shown in Fig. 3.7). 


Droplets of water soon condense on the plate. This also indicates that hy- 
drogen burns in air to form water. The reaction can be described by the 


following equation: 
2H, + O, = 2H;O 
Hydrogen burns to give water. Hence the name hydrogen, which means 


giving birth to water (from Greek hydros water and genes born). s 
Hydrogen burns with liberation of much heat. A hydrogen flame is 
nothing else but white-hot water vapour. It is not therefore visible if the tube 
from which hydrogen is discharged is of iron. If the tube is made of glass, the 


from a tube (after a preliminary testing for 
into a vessel containing oxygen 
d with droplets of water. This 
m water. Now hold 
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5-230 


s "M ; 5 
flame is yellow. The colour is given to the flame by vapourized glas 
particles. The characteristic c 


hemical property of hydrogen is thus y 
combustibility. i 
If we want to set fire to hydrogen, we must take special precautions 
Take a thick-walled cylinder and divide its yoy 
i umes with hydrogen (by dign" 
- Wrap the cylinder in a towel ie 
© the mouth of the cylinder: 4 ili 
ombined with oxygen instantaneous 


en issuing from a generator may with 


. wi 
tains » the mixture explodes large 
lon in the test tube is safe, but if à 


s i : ieces an 
) it will burst into a can 

ive, 
hydrogen wit ES 


h air or oxygen is exp’ 
€, We must test h 


ydrogen for purity. same 
n mixtures, one and the s in 
h oxygen. When hydrogen bu tO 
new portions of air come gradually y 
gen). An explosion of a mixture 0 


Wa 
Contact with new Pie EA 


water 
droplets 


Fig. 3.6 Burning of hydrogen in Oxygen 


. i h j 
Fig. 3.7 Formation of water during ! 
drogen burning 
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Fig. 3.8 Testing hydrogen for purity 


drogen with air or oxygen is an instantaneous reaction because the molecules 
of the gases were mixed preliminarily. 

Let us consider another chemical property of hydrogen. Place copper (II) 
oxide in a glass tube and pass a stream of hydrogen over it (Fig. 3.9). (The 
hydrogen should preliminarily be tested for purity!) No reaction occurs. 
Now heat the cupric oxide: the oxide becomes very hot, which indicates that 
a chemical reaction with liberation of heat has begun between cupric oxide 
and hydrogen. Water droplets precipitate on the tube walls, while the black 


Fig. 3.9 Reduction of copper from cop- 
per(II) oxide using hydrogen 
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) 


the 
Fig. 3.11 Parts of the apparans vo) 
Stopper has an opening to pass 


2=Cu+ HO 
Hydrogen has take; th it t° 
orm water ang = fe Wns cupric oxide and combined wi 


" en 
uat Ydrogen can not only combine with phe 
er compounds. This is another important c ic 
d: hydrogen, Tungsten, the metal from which filaments for elect? 
> 1S produced by this method. are 
known as re eae that can take oxygen from other substances 
ducing agents) 
Can c m wt 
Its fight eu ae hydrogen IS such a reducing agent. for the 
many uses of h. dro. © ability to reduce other substances account un for 
high-altitude Tesear Ds Ydrogen is useq to fill balloons that are use their 
oxides by hy Tieni 1, ome very important metals are reduced ume i 
the manufacture p gen is used as the chemical starting ect 
is also used as fuel T monia, acids, and Some organic substances. Hydr will 
- The ™Portance of hydrogen as a fuel in the future 
become even greater, B 


E 


ibe the chemical roperties of hydrogen. ic oxide 
A 2. Describe the reaction of Copper reduction from cupric 0% 
j Ces are called reductants? ing 
3. bee: quations for reactions of hydrogen with the uae 
oxides: (a) tungsten oxide WO,, (b) iron scale, (c) mercury (II) 
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What chemical property of hydrogen underlies these reactions” 
Whar Bind of reactions are these? 

. Take a copper plate. How can it be turned che ii i 
powder? Write equations for the appr priate: eerie aap 
5. H. Cavendish performed the following experiment. He put acid 
and metal in a flask, placed the flask in water, fired the 
issuing gas, and covered the flask with another, larger flask as shown 
in Fig. 3.10. Describe the phenomena that Cavendish observed sub- 
sequently, if we know that hydrogen cannot combine with nitrogen 


in these conditions. 

6. Three flasks are filled with gases: air, hydrogen and oxygen. How 
can the gases be identified? 

7. Look at the objects shown in Fig. 3.11. How can they be 
assembled into an apparatus for proving that oxygen is consumed 
during hydrogen burning in oxygen? Draw a sketch of this 
apparatus and describe the procedure of the experiment. 

8. Describe the uses of hydrogen that you know. 


3.4 Hydrogen in Nature. Acids 


Hydrogen is part of one of the most abundant substances, 
. water. It is therefore an abundant element as well. Hydrogen 
is also a constituent of the complicated substances from which living 
organisms are made. Acids are among substances that contain hydrogen. 
Many acids occur in nature. These are citric acid (contained in lemons), 
malic acid (apples), oxalic acid (sorrel), etc. Ants produce formic acid which 
they use to fight their enemies. Formic acid is also contained in nettle and 
bee stings. As grape juice becomes sour, vinegar is produced that contains 
acetic acid. Sour milk contains lactic acid, which is also contained in sour 


cabbage, etc. Apart from naturally occurring acids, acids produced by man 


are also known. Sulphuric and hydrochloric acids are among the most 


important artificially produced acids. 
Sulphuric acid H,SO4. This is a collourless oily liquid without odour, 


almost two times heavier than water. Sulphuric acid absorbs moisture from 
air and other gases. Because of this property it is used to dry gases (which 


are passed through the acid). 
much heat is liberated. If water 


When sulphuric acid is mixed with water muc à b f 
is added to the acid, it will boil without even being mixed with the acid, and 
splashes of the liquid will injure the hands and the face of an inexperienced 


worker. Sulphuric acid must therefore never be diluted by adding water to it. 
If the acid has to be diluted it should be poured in a thin stream into the 
water with agitation of the vessel. Never should water be added to the acid! 

Sulphuric acid chars wood, skin, and fabrics. If we immerse a splint in sul- 
phuric acid, wood b a chemical reaction by which carbon is 


isolated from wood danger of sulphuric 
acid coming into contact with the skin or clothes. : 
Hydrochloric acid HCl. This is an aqueous solution of hydrogen chloride 
gas, and unless strongly diluted, it smells of this gas. The odour is pungent. 
Hydrogen chloride gas combines with water vapour contained in air. 


lackens due to 
in the form of charcoal. Hence the 
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" : id is 
A specific mist is formed above the surface of hydrochloric acid. The aci 
said to ‘fume’. 


General Properties of Acids. We shall use h 
to establish some properties that are comm 
Add a few drops of violet litmus solution 
litmus colour changes from violet to red. Ano 


ic acid 
ydrochloric and sulphuric aci 
on to all acids. — 
to solutions of both acids: e 
ther stain, methyl orange, tu 


: j indicators 
€ acids. Litmus and methyl orange are indica 
which are used to establish the Presence of acid in solutions. 


3 om 
r 1 S à special electrochemical series of menl ao 
which one can establish if a given metal will or will not displace hydr 
from acid (the electrochemic: 


K Na Mg Al Zn Fe Ni Sn Pb 
displace hydrogen 


The series beg 
come before h 


u 
(H,) Cu Hg Ag Pt A 


do not displace hydroge? 


Ins with the alkali metals and ends with gold. All metals n 
drogen in the Series displace it from acids, their dipl 
Power decreasing from Potassium to lead, while the metals that come 2 
hydrogen do Not displace jt. i 
We used the reaction 
e atoms of zinc (a di 


. cea. 
Since th acid, and zinc chloride ZnCl, was thus MEL 
© molecule of the acid contains only one hydrogen atom, 


ion be 
Zn + H,S0, = ZnSO, + H, t 
In this case, two hydrogen to 

The common pr 


Properties of a 


: tom. 
ms are again displaced by one zinc à 
(1) Acid solutions taste sour 


Cids are therefore the following: pat 
M n (Latin aci . This pro 
acids is known to us from everyday pi a sour) p : 

(2) Acid solutions change the Colour of litmus to red and of methyl pu 
to pink. Litmus 'S more sensitive to acids than our tongue and can de 
them in very dilute solutions 


ess 
i ibe Vhen our t ils to taste any sourn 
(3) Almost all acids libera T tongue fails to 


tals. 
te hydrogen when acted on some me 

? 1. What rule sh 

A 


í id? 
Ould ; "m Iphuric aci 
2. What genera] 4:4 Pe followed in diluting sulp 


cid prope, ou 
answer by exam acid pr perties do you know? Illustrate Y' 
y ples, 


ty of 
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3. Will a reaction occur if sulphuric acid is adde 4 
H : id 1 ded to mercury? 

4. How can the presence of hydrogen in hydrochlori i M 
: iv gi yi loric acid be proved 


DS ħħ 


B Obtain from the laboratory assistant a few pieces of litmus paper 
(paper impregnated with litmus) and use them to prove the presence 
of an acid in foods that in your opinion may contain it, e.g. apple 
juice, sour milk, etc. Using litmus paper you can prove that milk is 
sour before it actually begins coagulating. 


3.5 Composition of Acids. Salts 


General properties of acids depend on the common features 

that are inherent in the composition of all acids. Look at 
Table 3.1 to compare the composition of various acids. A molecule of any 
acid contains hydrogen atoms. Moreover, each molecule contains atoms or 
groups of atoms that are known as the acid residue. 

Acid is a compound each molecule of which contains one 


or more hydrogen atoms, that can be substituted by metal atoms, and 


an acid residue. 


Table 3.1 

Acid Formula Acid residue 

T 
Hydrochloric acid HCI rel 

I 
Nitric acid HNO; NO; 

II 
Sulphuric acid H2SO4 SO, 

IH 

HPO; POs 


Phosphoric acid 


Valency is the property inherent not only in an atom but in a group of 
atoms as well, for example in an acid residue. If an acid residue is connected 
in an acid molecule with one hydrogen atom, it is univalent; if with two hy- 


drogen atoms, divalent, if with three hydrogens, tervalent, etc. The valency of 


acid residues in the Table above is indicated by Roman numerals. 


When hydrogen is displaced from acids by metals, the acid residues remain 
intact and become part of a new compound, that are known as salts. 
A salt is a compound in which metal atoms are bonded 

with the acid residue. 

Formulas of salts are made out like those of binary compounds once the 
valency of the metal and the acid residue are known. Let us write the for- 
mula of, for example, aluminium sulphate, once it is known that aluminium 
is tervalent. Act as follows: 
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(1) Write the chemical symbols of alu 


e 5 uric 
minium and the residue of sulph 
acid, and superscribe their 


valencies in Roman numerals: 


(2) Find the least common multi 
and aluminium. This is 6. 

(3) Determine the number of 
molecule of the salt. To do this 
aluminium 6:3— 2.1 
aluminium atoms. Now 


id residue 
Ple of the valencies of the acid resi 


in the 
aluminium atoms and of acid — cis 
divide the least multiple 6 by the valen two 
means that each molecule of the salt ge ol 
divide the least common multiple by the wp 
the acid residue 6:2 = 3, This means that the salt molecule contains 
acid residues, 


aluminium sulphate is this Al, (SO,);. the 
ame of the metal followed s e 
ed appropriate suffix. For oi the 
: 5t mame is that of the metal sodium, an hlor’ 
Second word is t i tem of the name of chlorine ‘c 
plus the Suffix — ide (see T. 


2 
Table 34 
Nomenclature of Salts 


Acid 


3 Acid 
Mug oS Salt 


ch Salt 
emical ; 

Name hemjcal 
rm formals 


Hydrofluoric acid HF i dros ic 

Hydrochloric acid HCI A a HS sulphide 
Hydrobromic acid HBr bromide Nitrous acid HNO, nitrite 

Uydtiodie acid HI iodide Nitric acid HNO, nitrate te 

Sulphurou etd. H50, sulphate Phosphoric acid H,PO, phospha e 

p * acid H50; Sulphite Carbonic acid ^ H,CO, carbonate 
Silicic acid HaSiOs silicate 


But the meta] involy may exhi ore th 
e i 
1 y xhibit m t 


e of 
Which foli an one valency. The use 
; P c 
differentiate betwee n OV in parenthes 


| 
n diff. es the name of metal) Pt 
erent salts, For example iron may exhibit va , 
y ess r- Y Salts: ferrous chloride FeCl, and de chloride FoC " 
i n be written ; 3 2 ID ch 
respectively. n iron(II) chloride and iron (II) 


- Write the fo; 


^ loride- 
ge itra Mulas for th followi salts: calcium ch ium 
A potassium nitrate, calcium phosphate, roe (it! chloride, magnes. 
aoe sodium ‘sulphate, iron(II) phosphate, and iron(II) P 
2 s 
2. Write the names of the following salts: (a) KCI, K,SO,. KNO; 
KI. K,CO,: (b) Ks, K;PO,, KBr, K,SiO,, K,SO;. 
72 
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3. Write the formulas for the following salts: (a ini 

sodium sulphite, barium nitrate, iron (IH) Ee ee, 
phate, magnesium iodide; (b) sodium bromide, sodium phosphate 
lead (II) sulphate, potassium silicate, copper(II) nitrate. calcium 
chloride. , 

4. Write out separately the formulas of (a) oxides, (b) aci 

salts from the following: HNO;, NO: No: o ici 
CaSO,. K,PO,. H,PO,, NaO, CaO, FeCl, Name the 
compounds. ^ 


3 6 Action of Acids on Metal Oxides. 
" Exchange Reactions 

Not all salts can be obtained by the reaction between a given 

metal and the appropriate acid. You may remember that 
When pieces of copper were dropped in sulphuric acid, no reaction occurred. 
Copper does not displace hydrogen from sulphuric acid. How can salts of 
these metals, for example, CuCl,, CuSO, be then obtained? Salts of metals 
that do not react with acids are obtained by chemical reactions of other 
types, for example, by the action of acids on metal oxides. Consider the 
reaction between an acid with a metal oxide, using copper (II) oxide and sul- 
phuric acid by way of illustration. 

Copper (II) oxide CuO is already known to us. This is a black powder. Put 
copper oxide in a test tube filled with water: it does not dissolve. Place 
another portion of the black powder CuO into another test tube and add 
sulphuric acid. Heat the mixture over a burner: a blue solution is obtained. 
Copper sulphate CuSO, may be obtained from this solution by evaporation. 
The reaction between copper(II) oxide and sulphuric acid is expressed by the 


following equation: 
CuO 4 H,SO,- CuSO, + H,O 


We have thus become acquainted with another property of all acids: they 
can react with metal oxides to f orm the corresponding salt and water. As in the 
reaction of acids with metals, the acid residues remain unchanged and pass 
from the acid to the salt. Water molecules are formed from the oxygen atoms 
contained in the metal oxide and the hydrogen of the acid. Once we know 
this, we can write the equation of the chemical reaction between any acid 
and any metal oxide if the formulas of the oxide and of the acid are known to 
us. The coefficients should be so calculated that two hydrogen atoms would 
be provided by the acid for one oxygen atom in the oxide. It is unnecessary 
to select coefficients in the reaction between copper(II) oxide and sulphuric 
acid 
CuO + H,SO, = CuSO, + H,O 


because the two hydrogen atoms of the acid require one oxygen atom of the 
oxide. 


_Let us write the equation for the reaction between iron(II) oxide and 
nitric acid: 
Fe,O, + 6HNO; = 2Fe(NO;); + 3H,O 
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Three oxygen atoms of iron (IIT) oxide and six hydrogens of the acid make 
three molecules of water. 


: ; ir 
Two compounds, namely metal oxides and acids, react to exchange the 


component parts: the oxides exchan 
acids exchange their hydro 


ge their oxygen for acid residues, are 
gen for metal atoms. This new type of chemic 


reaction is called an exchange reaction. 


they exchange their c 


A ; ich 
Exchange reactions occur between two compounds during whi 


omponent parts. 


uiros ucc oni RR 


? 
A 


1. Write down equations for the following reactions: 


(1) ZnO + HNO, > (3 NaO + H;SO, > 
(2) ALO; + HCl 5 (4) MgO + HNO, > 


Give names to the salts obtained in these reactions. 
2. What four types of chemical 


(a) oxidation of simple substances by oxygen, 
als from their oxides by hydrogen, (c displacemen 


cua 5 A ne 
» (€) obtaining oxygen from hydrogen peroxide. Give ° 
example for eac] 


h " ions: 
3. We dealt with copper(II) oxide in various chemical reactii o 


(3) 

n: 
s, (4) chemi TP ive equation 
lor reactions by we — POPOTE, And. [5 E o : 


^ , Wb i e [ 
: € properties of a accongie a 
following Scheme" (0 roa Neu ih 
chemical Properties: : 
ae (c) reaction w hem 
Y ; i s 
reactions” Beneral properties of acids. Give examples of ch 


; er, 
copper tie lowing substances are given: magnesium, Cat 
experiments E magnesium oxide, and hydrochloric a 


9 write 
e i med wi stances : 
quations for e performed ith these subs 


" x r ccess” 
ul completion Qu reactions. Specify conditions for their SU these 
reaction, + Give names to 


the substances obtained by i 
7. What is cal 


i; {Pe composition of the « f a hypothe! py- 

x ae atmosphere o y 

Frome 's known that (a) oxygen burns iu it; (b) wood ine 

a piece P not burn; (c) when a beam of light is condens turn 

iC 4 i malachite through a magnifying glass, the minera, filled 

ith hydro, b^ "der (not black); (d) a meteorological balloon for 
w Ydrogen does not rise in this atmosphere? Write equatio 

actions, forget meo" 

ol coloured fabrics, and flowers (forget- by 

eee az t0 establish which of them are coloure’ jn 


" ng 
may be called indicators. Expain the cha 
colour of some flowers when they blossom. p 


ical 


$$$ they blossom. 000 o 
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Water in Nature. Obtaining Pure Water. 
41 Physical Properties of Water 


The oxide of hydrogen, water (H,O) is the most abundant 
and essential hydrogen compound in nature. It is found everywhere on the 
earth in its various forms. Water fills depressions of the Earth’s crust to form 
lakes, seas and oceans. It covers about 75 per cent of the Earth's surface. 
Immense accumulations of ice and snow cover the polar regions of the globe 
and peaks of high mountains. The invisible vapour of water is always present 
in air. In the form of minute droplets water forms clouds that precipitate as 
rain to soak the soil and to feed springs, streams, and rivers. As atmospheric 
Precipitation (rain) passes through the soil it dissolves some of its 
components and carries away some insoluble solids. Natural water therefore 
contains admixtures of many other substances. 

Depending on its use, these impurities should be separated from untreated 
water to a greater or lesser degree. Purification of potable (drinking) water is 
especially important. Where doés man take water for drinking? What 
impurities should not be contained in potable water? 

Water. taken from very deep wells hardly contains any suspended 
impurities or microorganisms. Such water contains dissolved salts that are 
useful to man. 


Water supply systems of 
River water contains many 


cities are fed from rivers or other water basins. 
harmful impurities such as remains of animal and 
human life activity, and also pathogenic microorganisms. River water is first 
passed through filters which separate larger objects that float on the surface 
of water. Water is then allowed to settle in special tanks and passed through 
a bed of sand where insoluble solids are retained. Thus cleaned water is then 
treated with gaseous chlorine to kill pathogenic microorganisms that may 
remain in water. (Now the chlorine treatment is often replaced by exposure 
to the light of bactericidal lamps which kill microorganisms by ultraviolet 
radiation.) The incidence of infectious diseases has sharply decreased since 
Potable water has been purified at water treatment plants. Potable water 
now contains only dissolved substances that are necessary to man. It is only 
in pharmacies that these dissolved impurities are separated from water before 
drugs are prepared. Pure water is also used in chemical laboratories. Pure 
water is prepared by separating dissolved impurities from it by distillation, 
during which water is converted into vapour by heating and then cooled 
(condensed) into liquid again. A simple apparatus used for water distillation 
in a laboratory is shown in Fig. 4.1. It consists of three main parts: a still 
(flask) where water is boiled, a cooler (condenser) where water vapour Is 
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m ater iS 
densed into liquid water, and a receptacle where toma partie (a 
collected The condenser consists of two concentrically a inner tube, 
i within a tube). The water vapour passes along the sma r^ direction 
while cooling water is circulated in the larger outer tube e tube. When 
indicated by the arrows. The circulating water cools the in remain in the 
water is boiled in the still (flask) the dissolved gae. from where it 
liquid and only pure water vapour rises to pass the condense E distilled. 
is collected in the receptacle. Water thus obtained is c 


n 
; shown 3! 
Large amounts of distilled water are prepared in an apparatus 
Fig. 42. This differs from the a 


B it 15 
pparatus shown in Fig. 4.1 dap t 

manufactured from metals and not from glass, while the long tu EM 
which water vapour passes is coiled so that it occupies smaller sp: 
condenser. in nature 

A similar process of Water distillation occurs constantly i õun 
Evaporated slowly by the heat of the sun, water rises from the , natura 
form clouds. Atmospheric Precipitation (rain) is thus the pure 
water. 

Water is a mobile 


colourless liquid ( 
odour or taste, It 


stieg) without 
but bluish in large quantities) W! 


: ure © 
boils at 100°C (under normal atmospheric C 
101.3 kPa, or 760 mmHg) and freezes at 0°C. Its density à 
1000 kg/m?, or 1 kg/litre, :mnossib 
Water is a substance Without which life on earth would be imP 
Human activiti 


is ever increasing 


C is 


le. 
ater 


Fig. 4.1 Apparatus for distillation of Wa- 
ter 
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Fig. 42 Distillation vat 


impurit; - 
Purities will be separated from liquid wastes and the water thus recovered 


can i 
es reused for industrial purposes. 
Ording to the Constitution of the Soviet Union each citizen should 


Prote 
ct nature and preserve natural resources. 


Eo reste Ri 


9 
^ 1. Which untreated water contains lesser amounts of impurities: 
water from springs or river water? Give reasons to your answer. 

2. How is potable water purified? eta 
ed by distillation? Draw 


3. For what purposes is water purified by | 
a sketch of an apparatus used for water distillation and name each 
component part of this apparatus. Describe its operating principle. 


4.2 Water as Solvent. Solubility 


From everyday experience we know that water can dissolve 
experi many substances, liquid, solid, and gaseous. In our chemical 
certain bos we dealt with solutions of acids and alkalis. Since we have 
Tey qu ee eee dif thie stmetore and composition of substances we can 
Solutio to clarify the essence of the dissolution process and to define 


W 
motion, Iready know that molecules of subs 


€ Water § va 
ue ul in the vicinity of the crystals turns 1 i 
riol have separated from the crystals and are carried about by water 


Mol A P 
a Sa, les, They have diffused in water. Diffusion is a slow process, but 
©rmly homogeneous solution is eventually obtained. 
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Fig. 43 Dissolving blue vitriol in water 
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e IS 
The dissolution process can be speeded up if a powdered pe 
taken instead of crystals. The surface of contact between the cd! 
substance and the liquid markedly increases and it dissolves soo! ated 
process may be even more accelerated if the liquid is agitated OT taco ol 
Dissolution may also be accelerated by placing the solute on the su eat di 
the solvent (Fig. 4.3). Since the density of solution is higher than t 43: 
water the dissolved substance tends to sink, as will be seen from ME os 
crystals in a bag of loose fabric dissolve and the solution forme 


: issolution 
down to the bottom of the vessel in the form of streams. The disso 
process is thus accelerated. 


The latter method of dissolution is 
placed in a calico bag which is sus 


It are 
used in industry. Lumps of 52 
with the solvent. Or else salts are 


re 
pended in the upper portion of à in 
placed on a special grating in ae never 
tanks. As will be seen from Fig. 4.4 the solution in such a tank wi 
settle but will on the contrary be always homogeneous. main 
Substances that do not dissolve in water, e.g. clay or chalk, Te time 
suspended in water for a certain time and make the water cloudy but p 
passes the suspended particles precipitate to the bottom of the ‘00 | 
The solubility of substances is known to be limited. For example. ! dium 
of water at 20°C will only dissolve: 200 g of sugar, 359 g of So etd. 
chloride, 20.7 g of Copper sulphate or 0.2 g of calcium sulphate: solve 
A solution in which a given substance does not olution 
: longer at a given temperature is called saturated, while a S lution- 
which will further dissolve a given substance, is an unsaturated * rurated 
. The ratio of the weight of a substance that forms a 52 wn 
solution at a given temperature to a given volume of solvent is nO’ 
the solubility of this substance or a solubility coefficient. 


any 


k 
zen fal 
Fig. 44 Dissolutio? 
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solubility in water 


e 


10 20 30 40 50 60 70 80 90 100 
temperature, ?C 


Fig. 4.5 Solubility of some salts 


Solubility of substances varies within a wide range. For some substances 
Solubility is so small that these substances can be practically regarded as 
insoluble. The solubility of barium sulphate BaSO, in water at 20°C, for 
example, is as low as 0.0023 g/litre, and that of silver chloride AgCl, 
0.0015 g/litre. 

Does the solubility of a substance depend on temperature? 

Prepare solutions saturated at normal temperature of potassium nitrate 
and sodium chloride in equal volumes of water. Now heat both solutions, 
and add new portions of the salts until they will no longer dissolve. We have 
thus prepared solutions that are saturated at temperatures close to boiling 
points. We have also established that the amounts of the salts that we have 
added are different. The solubility of potassium nitrate increases with heating 
to a greater extent than the solubility of sodium chloride. — 

Now allow the solutions to cool: crystals will soon start precipitating from 
the solutions. The amount of potassium nitrate precipitate will be markedly 
greater than that of sodium chloride. . 

The solubility of potassium nitrate will decrease with lowering temperature 
to a greater degree than the solubility of sodium chloride. . 
T in the solubility of some salts are vividly shown by the graph in 

ig. 4.5. 

The solubility of a very few substances decrea: 1 
These are, for example, calcium sulphate, and calcium hydroxide. 

Water dissolves certain liquids as well, for example, alcohol and glycerol. 


But petrol or vegetable oil are almost insoluble in water. 


ses with increasing temperature. 
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T à oluble in 

Some gases, e.g. Oxygen, nitrogen, or carbon dioxide, are a table in 

water. This can easily be shown by placing a cup of cold i es walls of the 
a room. After some time gas bubbles will be seen on the inne 


Solubility of gases inc 
Pressure. 


? 


jon 
' ain dissolutio 
1. How can the molecular theory be applied to explain d od? 
A of sugar in water? : be accelerat n? 
How can dissolution of a solid substance in water ated solution? 
3. What is solubility, a Saturated solution, an unsatur: temperatur 
ow does solubility of solids change with increasing erature 2 
How does solubility of gases change with increasing temp! 
pressure? 
5. Why shouldn't boiled water 
6. A solution Saturated at 10°C 
potassium nitrate, 
10°C. 


increasing 
i incre: 
Teases with decreasing temperature. and 


— of 
be used in an aquarium: — cog 
and weighing 310 g contain ate at 
Calculate the solubility of potassiu 


ated at 
» turd 

7. What j mount of sodium chloride does a solution sa 

and Weighing | kg contain? 


4 3 Determining the Weight Fraction of the 
" Solute, Concentration 
When usin 


weight 
\ 8 solutions it is very important to know the í 
of solute contained in a given solution. veight ° 
The ratio of the weight of solute to the total vrentatio™ 
d the Weight fraction of the solute or the cim (0. ed 
Y expressed in fractions of unity or in percentage $ 
" «ching 100 & 
Consider, for example, two Solutions of sodium chloride hu cen ight 
One of them Contains 5 g of Sodium chloride, the other 20 g. H vui 
fraction of the salt in the ormer solution is 5 g:100 g=0.05 or 
while in the latter Solution 20 g:100 &=0.20 or 20 per cent. "m is 1 
If the weight fraction of Solute, for example of sulphuric acid in W soluti? 
per cent (a 10 per cent Solution), this means that 100 g of aquest water 
of sulphuric acid containg 10 g of the acid and 100 g — 10 g — 90 i action m 
Solubility of substances . ould not be mistaken for the weight cet E of 
a dissolved substance (solute), Solubility of a substance shows c unit ° 
grams of solute that can be dissolved in 1 litre of water. indicates ^4 
solubility is gram per litre 8/litre). Concentration of solute in express? 
fraction of solute in the tota] weight of solution. It can only be 
numerically, 
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How can a 6 per cent solution of sodium chlorid if i i 
should epe r solution of sodium chloride be prepared if its weight 

Da determine the weight of the salt: 250 g x 0.06 g = 15 g. 
aan Ow determine the weight of water: 250 g — 15 g — 235 g. It follows that 
di g of a 6 per cent solution of sodium chloride can be prepared by 
€ ue 15 g of the salt in 235 g of water. To do this, 15 g of sodium 
a loride are weighed out on a balance and 235 ml of distilled water are 
* €asured out by a calibrated vessel. Distilled water is placed in a beaker 
ontaining the salt and the mixture is stirred to complete dissolution. 
MON Eid apo Ma dc mE 
: 1. What is the weight fraction (concentration) of solute and how can 


A it be expressed? 
2. What quantity of sodiu 
are required to prepare (a) 120 g 


m chloride (in grams) and water (in ml) 
of a 5 per cent solution, (b) 25 g of 
a 0.5 per cent solution, and (c) 120 kg of an 8 per cent solution? 
3. 15 g of salt are dissolved in 135 ml of water. What is the weight 


fraction of the salt in this solution? : 
4. When 50g of potassium nitrate solution were evaporated the 


solid residue weighed 0.5 g. What was the weight fraction of the salt 


in the initial solution? . Lp" 
5. The weight of a 10 per cent solution of sulphuric acid is 500 g. 
Determine the weight fraction of sulphuric acid in the solution if it is 


diluted with water to produce 0.5 litre. 


4 4 Solutions in Nature, Industry, Agriculture, 


and in the Home 


T Solutions play a very 
ea ae formed from solutions. Plan 
a prere e form of solutions. The timely su 
are docs condition for obtaining abundant 
y appl used as solutions in agriculture. Pests an 

Pplying special solutions. 


Ssimilation of foods by man and animals is also achieved through their 


CO; : à 1 o 
sol Ecstion in the alimentary tract where food is converted into substances 
Uble in water, 
n re " . 
Pru. Studies we often use solutions instead of pure substances. 
a reactions between them. 


uge inary dissolution of reactants accelerates rea : 
amounts of water are used in the chemical industry for preparing 


ee Other industries also consume immense quantities of water. 
© substances are obtained by their dissolution, filtration (by which 


An iti 5 5 
and of are separated) and subsequent crystallization. Benzine, alcohol, 
Temoy er liquids are also used for the dissolution of substances. Fat may be 
ed ble in water, but when 


from : xol 
acted our clothes by benzine. Fats are insolu vhe 
the p by benzine they are easily dissolved and removed from fabric in 

9f solution. Organic solvents are widely used for extraction of oils 


Tom yari 
arious seeds of plants. 
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4 5 Composition of Water 


n and 

We have already proved that water consists of Teu know 

oxygen when we burned hydrogen in oxygen. d oxygen: 

that decomposition of water by electrolysis gives hydrogen a roportions 
Hydrogen combines with oxygen to form water in the same p . This 


ygen is passed 
two volumes) whil 
S of the eudiomet 


el to 
into the tube to lower the water lev 


ith hydro 
* the next two volumes are filled with oil 


drogen” 
] S discharged in the eudiometer to explode the hy ; 
oxygen mixture, The water ley 

know which 


of the tube 


he 

4 from `. 

à stopper, the eudiometer is removed splint P 

ted. The stopper is now removed and a glowing that th? 
Put to the mouth of the tube: tir splint catches fire. This indicates 


: 


A 


un 


Fig. 46 Water level in a eudiometer: 
a-before explosion; b-after explosion 


82 4 Water. Solutions, Bases 


remaining gas is oxygen (one volume). This also indicates 
be were consumed in the reaction (explosion) in reor i: ^ 
Pon. a ad that two volumes of hydrogen are evolved per one volume 
"mid uring decomposition of water, and that the same gases are 
mul bs the same proportions during formation of water, allows us to 
— nid e weight fractions (concentration) of hydrogen and oxygen in 
ges - the weight ratio of the elements in water. Let us assume that 
meane a oxygen has been evolved during decomposition of water; this 
Cue Pt two litres of hydrogen have been evolved during this process. 
litr we know that the weight of one litre of hydrogen is 0.089 g, while one 
e of oxygen weighs 1.429 g we can calculate the weight ratio of hydrogen 


and oxygen in water: 
0.178 g:1429 g=1:8 


y weight of oxygen are present per one part 
t. From this ratio one can determine weight 
e know that water weight is 
fraction + 8 weight fractions): 


Which means that eight parts b 
by weight of hydrogen in wate 
fractions of the elements in water once W 
composed of 9 weight fractions (1 weight 


1:9=0.11 or 11 per cent of hydrogen 
8:9=0.89 per 89 per cent of oxygen 


methods can it be proved that water consists of 


E 


A 1, By what two 
hydrogen and oxygen? : ; 
2: Describe the experiment in which water is decomposed by electric 
current. 

3. Describe the experiment in which water is formed in an 
eudiometer. 

4. An eudiometer contains a mixture of hydrogen with oxygen, both 
gases being taken in the quantity of 12 ml. Which gas remains in the 
eudiometer after an explosion, and in what quantity? 

5. Hydrogen peroxide contains 16 parts by weight of oxygen per one 
part by weight of hydrogen. Since we know the atomic weights of 
hydrogen and oxygen and the. molecular weight of hydrogen 
peroxide (34), derive the chemical formula of this substance. 
6. During decomposition of water by electric current, 100 ml of 
hydrogen were formed. Determine the amount of oxygen that was 


formed during this reaction. 
SS 


4.6 Chemical Properties of Water 


Hydrogen is combustible and oxygen supports burning, 

bs whereas water is neither combustible nor does it support 

uring of common combustible substances. On the contrary, water quen- 

ches fire. Why does hydrogen lose its combustibility after it has combined 

with oxygen, and why does oxygen lose its ability to support burning? 

jee burning of hydrogen is the reaction of combination of hydrogen with 
Yygen. With what substances does water react? 
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Ca + HO >» Ca(OH), + Ht 
During this Teacti 


of 
hydrogen is dis 


e atom ef 


n 
room Se the Poup 
placed from the water molecule (H—OH), s the i 
atom remains Connected with the Oxygen atom, and passes a 
into the compositio; i 


alcIUP. ite 
ide. Since the atom bb n 
$ two hydrogen atoms from two water m 
the remaining two OH 


h + Ht 


all 
Ore energetic with sodium. Drop a s surfae ug 
er Containing water. Sodium will float ma drop ™ ally 
hich it melts to form a lustrous drop. T d grad" the 
rapidly about on the Water surface with issi 
diminishes in size until it di 


The reaction even m 


of 
iect 
piec” of 
is 
Sodium into a beak 


: ide NaC“ ig 
- s, will remain. This is sodium poer shows m 
the reaction of Sodium wi water is carried out in the appa = identi » 
Fig. 4.7, the test tube wil] be filled With hydrogen which is easy 
follows that the reaction of w 
hydrogen: 


de 
A droxi 
ater with sodium gives sodium hy 


ran HOH = NaOH + Hy 1 etals (66° 
Sodium and calcium belong to the group of most active m 
electrochemical series). 
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Fig. 4.8 Preparing calcium hydroxide 


In considering the reactions of water with metals we have established 


a very important property of water: it reacts with active metals (potassium, 
ease half its own hydrogen 


sodium, calcium, barium, and some others) to rel 
and to form compounds with the composition of Me(OH), (where Me is the 
metal and n is the number equal to the valency of the metal). 


Now let us see if water can react with oxides. . 
Reaction of Water with Oxides of Nonmetals. Put a small quantity of water 


into a beaker, burn red phosphorus in a spoon in the beaker, and then wait 
until the phosphorus(V) oxide so formed (P20s) is dissolved. Now add a few 
drops of litmus: the violet colour of litmus changes to red to indicate that 
the solution contains acid. Phosphorus(V) oxide combines with water to give 
Phosphoric acid H5PO, : 
P,O; + 3H,0 = 2H4PO, 

beaker and burn sulphur as in 
h litmus: it also turns red. The 
g the burning of sulphur has 


Now pour a small quantity of water into à 
the previous experiment. Try this solution with. 
oxide of sulphur (IV) SO; that was formed durin; 
combined with water to form sulphurous acid H,SO3 


sO, + H,0 = H,SO3 
Sulphur may display different valencies in its reactions. Apart from the 


oxide SO,, in which sulphur is tetravalent, it may form the oxide SO; in 


which sulphur is hexavalent (VD. Sulphur(VI) oxide reacts with water to 
form the acid which we already know, viz. sulphuric acid H,SO, 


SO, + H,O = H;SO, 


Nitrogen forms the oxide N;Os which combines with water to give nitric 


acid, which is also known to us 
N,0, + H,O = 2HNO; 
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lace small 
3» Zinc oxide Zn 


quantities 


any other way; calcium Oxide, ho 
quicklime) beha 


r 
lime > 
s burnt 
wever, (which is known as bu w af 
h d b: 
es differently. is liberated an d tu 
hen water is Poured over Quicklime much heat i ie pieces Ca(OH): 
he water evaporates, while lumps of quicklime brea m hydroxide 
in a loose Powder, known as slaked lime, or calciu 
(see Fig. 48 
CaO + 20 = Ca(OH) similar way 
a 
Oxides of Sodium ang Potassium Feact with water in 
Nao 4 20 = 2NaOH 
e 
KO + Ho 2KOH m hydroxid 
siu 
These reactions giye sodium hydroxide NaOH and potas 
KOH. 
To sum arize, Some meta] Oxides j 
Water whi Others Teac 
Water to f 


ith 
t wit 
t reac 5 
(the majority of them) eo combines Ww 
t to give hydroxides, Metal oxide 
Tm bases. 


emica] Propertie. 
5! Water vapour is 
liberateg i 


is 
en 

S of water. be hydrogen” or 
Passed through a hot iron tu 
iron idi Fi 

the tube, Write doya de ( 20. 


ces 
interior surfa 

) is formed on the interior 
4 

ion ig te down th i 

reaction Is jt? 

I 


ol 
type 
h hat 
quation for this reaction. W. 


its weight 

Stored in an open bottle its ™ p" 

S the ight of ide may De 

What ar ‘the sera ne uev hydroxide barium 
5 WE Tite Equation; e repe with water, 


t 
2 e wha 
: nd barium for the reactions. 

35 form, i uations for 

lype of Te; q 


ii e pote down e 
actions are they? 

$. Name four Oxides that Teact with water. 

1 Metals that teact with water, 


Base. Alkalis ides: 
‘oxide 
Let us 4 me acquainteg With some metal o indes 
Sodi Ydroxide 90H is a w ite solid deliquescen 
and readily Soluble i Water, Whe: i 
eat is liberate. Solutions 9f sodium 
touch and ve Caustic, The 


T, 
;n wate 
Ydroxide is dissolved wees it 
hydroxide in Water are -— 
“Stroy the 5 in, textiles, Paper, a 


materials— hence the name caustic soda. Sodium hydroxide and its solutions 
should be handled with special precautions so that they do not get onto the 
skin of the hands or face or clothes, footwear, etc. Sodium hydroxide causes 
heavy burns on the skin which do not heal for a long time. Sodium 
hydroxide and potassium hydroxide are called lyes. 

: If litmus is added to a solution of sodium hydroxide the colour of the 
litmus changes to blue. If a colourless alcoholic solution of phenolphthalein is 
added instead of litmus, the solution turns crimson; and methyl orange 
solution becomes yellow in solution of sodium hydroxide. 

Potassium hydroxide KOH is also a white solid, readily soluble in water. 
Much heat is liberated during its dissolution in water. Like sodium 
hydroxide solution, the solution of potassium hydroxide is soapy to the 
touch and very caustic. The violet colour of litmus changes to blue in 
a solution of potassium hydroxide; a colourless solution of phenolphthalein 
becomes crimson; and the orange colour of methyl orange changes to yellow. 
Potassium hydroxide is thus similar to sodium hydroxide in some of its 
Properties. 

Calcium hydroxide Ca(OH);, known as slaked lime, is a loose white 
powder, slightly soluble in water. An aqueous solution of calcium hydroxide 
is called lime water. Lime water alters the colour of litmus from violet to 
blue, a colourless phenolphthalein solution becomes crimson, and methyl 


Orange turns yellow. 

Slaked lime is used in the manu 
plasters. 

Sodium hydroxide, potassium hydroxide and calc 
water-soluble bases. 

~ Bases solubl 

Litmus, phenolphthalein, and methy 

alkalis. Colours of the indicators in solutions o 


facture of the mortar for masonry and wall 


ium hydroxide are 


e in water are called alkalis. . 
l orange are indicators of acids and 


f acids and alkalis are given in 


Table 4.1, 
Table 4.1 
Indicators 
Colour in various solutions 
ic —— nten ooo 
end neutral acid alkaline 
i i blue 
Litmus violet red 
Methyl orange orange pink yellow 
Phenolphthalein (none) (none) crimson 


here are a great many insoluble 
ferric hydroxide Fe(OH); , etc. 
ble bases but they cannot be 
ter. When heated, they 


we addition to the few water-soluble bases t 
- Such as copper(II) hydroxide Cu(OH);. 
kie composition is like that of water-solu! 
tained by combining the metal oxide with wa 
“compose to give the oxide and water: 
CuOH), = CuO + H,O  2Fe(OH) = Fe,0; + 38,0 
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il js 
is Ba(OH); 
rium hydroxide, for a oi metal 
ase is a compound in which each ato 


Or severa] hydroxy] groups. alcium 
‘ b) c 
i xide, ( 
? 1. Describe Properties of (a) sodium hydro longing to the 
ide. belon 
^ rf ae bases Classified? Give examples of bases be (b) phenol- 
in t S. i " 
3 How aS. change the colour of {ayes 
Phtalein, (c) methy] Orange? 


nesium 
um hydroxide, (b) mag 

) hydroxide, 

h 


S, 
, b) base: 
des, ( SOs» 
the formulas of (a) patin O, H, : 
(d) salts included ie the Plowing: a Mn(OH)2 
Fe(OH), FeSO, Caso, HCl, LiOH, Mno, 
SO,, 
6. Make Out formul 
bases: 


wing 
n he follo 

las for the oxides corresponding to t 

KOH, Cu(O; . 

7. Make Out formulas 

Oxides + Cuo, el i 


ior (OH, Cr(OH),. Name hie following 
for the bases Corresponding to 
O, Feo, Li,0, Bao, Name them. 
ag Od Mo Nase quit t ie niet 


Sutralization Reaction 
© have Studied Teactions o 
X 


] 
meta 
f acids with metals ana Mair 
Oxides © reactions giye salts of i ner ie 
Bases also Contain metals and one can Suggest that acids react w 
give salts as well, 

Add hydrochloric aci 


$ ; ltoa Solution of 
Solution Temains clea and colourle s but if 
easily note that it has Come warm which 
has taken Place between the aciq and out the 
n order to establish th character of this reaction, let a OF course 
following experiment, Dip a litmus paper into the alkali solution. 4.9) until 
it turns blue. Now add, in small Portions, acid from a burette (Fig. red, this 
the litmus colour chan 6s to violet, If the initia] violet colour is resto 
indicates that the Solution does no 


+ tet 

à viole 

now contain an alkali. But the 
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: the 
Sodium hydroxide Her can 
We touch the test tube 


ion 
5 actio 
indicates that a chemical re: 
alkali. 


Fig. 49 Neutralization reaction 


colour of the indicator shows also that the mixture does not contain acid 


either, because the colour of litmus in acid is red. The solution is neutral. 
Evaporate the solution: the white precipitate is table salt NaCl. 
The reaction between sodium hydroxide and hydrochloric acid can be 
€xpressed as follows: 
NaOH + HCl = NaCl + H,O 


The essence of this reaction is that the sodium atoms and the atoms of 
hydrogen change places. As a result, the hydrogen atom of the acid combines 
with the hydroxyl group of the alkali to give a molecule of water, while the 
metal atom combines with the acid radical (residue) Cl to form the salt. This 
reaction can be referred to the class of exchange reactions. . 

Do insoluble bases react with acids? Place blue copper(II) hydroxide 
Cu(OH), in a beaker and add water: cupric hydroxide does not dissolve. 
Now place cupric hydroxide into another beaker and add nitric acid: the 
Solid dissolves to give a clear blue solution of copper(ID nitrate. The 
equation of the reaction is: 

Cu(OH), + 2HNO; = Cu(NO;); + 2H20 
Like alkalis, insoluble bases react with acids to give salts and water. 
A reaction between an acid and a base that gives a salt 
and water is called a neutralization reaction. . -— 

The name neutralization is given to the reaction because the initial 
Substances that have acid and alkaline properties, giye 9 product which is 
devoid of either of them (neither acid nor alkaline). The reaction product is 
neutral. 
. The neutralization reaction is used to test experimentally the properties of 
insoluble hydroxides. If they react with alkalis they are referred to acids and 
the formula of such a hydroxide should then be written as the formula of an 
acid. If the hydroxide enters the neutralization reaction with an acid, it should 


89 


4.8 Neutralization Reaction 


Ikalis: 
i hat of alk it 
written as t ja 
Tipi the hydroxyl group 
pi 


—ÁÀ d 
i tralization? acid an! 
i reactions of neu chloric di 
2 Wie Berne Tor m pedes di oxide, (c) P: 
^ sium hydronia (b) nitric acid and po birósphoxic : 
End acid and Potassium hydroxide, "— 
pet hydroxide, heniícal properties.ol 
3. What are the differences between chem: 
acids? 


4 9 Reactions or Alkali 


ides 
s with Nonmetal Oxi 
Wea 


i warm. 
k with your hand: it feels All 


certain 
» One can suggest d “ask a 
inside the flask. T filled gat 
the rubber tube into a dis sucked im 
clamp on the rubber tube: water will d that carbo 
K which indic Our conjecture was correct an roducts 
With sodiy Ydroxide, One of the tection p . 
Omposition o the solid Teaction product? co. Th 
© Oxide of Carbon (Ty) ; DOWn to give carbonic acid We sodium 
in the flask ‘is the salt of carbonic acid, 
carbonate Na,Co,. 
Two Molecules of sog; 


Carbo; 


2NaOH + CO, .. 
Teacts i 
Carbonate 


n dioxide with 
Na, CO, and Water, 
ere are many other Oxi 
8 to form salt 


Na,co, + H0 


ium 
" sodiu 
sodium hydroxide to give the salt 


des (S 


s and Water. 


alkali 


with 
2; SO,, SiO,, P5O.,, etc.) that react 
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Fig. 4.10 Reacti z . 
P a tio 
With carbon une sodium hydroxide 


1. As air was passed through a barium hydroxide solution it became 
cloudy. What gas is responsible for cloudiness in the solution? What 
^ substance is precipitated? Write the reaction equation. 
2. Of the following substances: carbon (IV) oxide, phosphorus (V) 
oxide, copper(II) oxide, sulphur (VI) oxide, and barium oxide, which 
will react with: (a) water, (b) hydrochloric acid, (c) potassium 
hydroxide solution? Write down equations for the reactions that 


may occur and name all substances. i 
3. Place sulphur (IV) oxide in a flask and add potassium hydroxide 


solution. Stopper the flask immediately and shake it. Will the 


atmosphere in the flask rarefy? 
Give reasons for your answer. 


4.10 Classification of Oxides 
The known chemical properties of oxides can be used for 


their classification. 
á Oxides that react with acids to form a salt and water 
re known as basic. 
each basic oxide gives a base: 


The name is given to these oxides because 


CuO—Cu(OH),;  MgO—MgOHx; 
e.g. MgO (magnesium oxide), 


Fe,0;—Fe(OH); 


C Basic oxides are formed by metals. only, 
aO (calcium oxide), BaO (barium oxide), etc. 
Oxides that react with bases to form a salt and water 
are called acidic. 
This name is gi 
given to 
Corresponding acid: 


CO,—H,CO,; SO;—H;SO;; 


them because each. acid oxide gives the 
siO,—H,SiO3: P,0,—H;PO, 


s and some metals: sulphur (IV) 


Acid oxides are formed b; l 
; y nonmetal : 
oxide SO,, sulphur (VI) oxide SO3, phosphorus (V) oxide P;Os. chrom- 
m (VI) oxide CrO;, manganese (VII) oxide Mn,07- 
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le, 
for examp! n 
i i These are, in whic 
i d oxides. Ses di hich 
basic and acid e The oe J 
Some metals form pon se valency is variable rj we Uit wes 
EU pecus exhibit their \ower (Il) eg "s corres dins 
caromin ae ae QO and manganous "o! = Jeden md = 
chromous oxi us hydroxide Cr(O 2> ese are n theii u 
E, 2mm in which chromium and mangan pese 
: i i an 
E od oxides: chromic(VI) oxide CrO, 
er valencies 


i O, an 
à ic acid H,Cr 
ide Mn,O,. Their corresponding acids are chromic a 
oxide Mn;O... 
manganic add EMO, 


ELEC reati 


form 
s : se the lor 
1. Compare the properties Of basic and acid e na Ua properties 
of Table 4.2 below. What are the differences in chem 

between bases and acids? 


Table 4.2 


Oxides 


a 
basic seid 

1. Reaction to water 

2. 


€action to acids 
- Reaction to bases 


the 
-— d by 
^ 2. Given are Substances whose Composition is BaO. Which E 
following fo : NaO, CO, CuO, SO,, Fe;O;, Ba hydroxid 
them will react With (a) hydrochloric acid, (b) sodium id 
Tite the co; *sponding reaction equations, basic and n " 
3. Write in Separate Columns the formulas of ba CaO, SO: 
Nuss derived from the ollowing: N:0,, BaO, P205, an 
iO, ‘ from $ 
aD a basic oxide be distinguished experimental y: answef 
$ed one if both re Soluble in water? Give examples in y a 
Tte the react; n equations, a lly from + 
$: w can a basic oxide be distinguished S a s in yo 
acid one àre insoluble in water? Give example 
wp the fac, Taction Equations, 
. ite rmul 
hydro ulas of the 
id 


ing 
] llowin 
Oxides Corresponding to the fo he 
"imi Dp AOH), Maton rties of thi 
What are the Similar and’ differen chemical prope: BaO an 
following oy 2 and SiO, ; (b) CuO and S103; ps your 

2 ve ; 3 tions to y 
answer e corresponding Teaction equati : following 
8. Write sQUaons for the reactions by which the 

conversions may be achieved: 


KOH 
a) Kog (b) P+ Po, > H;PO, 
Kc) 


O3 
HC 
Ba(o ^ 

8 Ba hag a(OH), 


N CaCO3 
N Bano», Ga 


Main Classes 
of Inorganic Compounds 


sition and Names of Oxides, Bases, 


EE S OS 


We have studied tw ice i 
hydrogen, and s o feme euge, be oxygen and 
and have acquainted 1 portant chemical compounds 
compdes quainted ourselves with the main classes of chemical 
thei gene oey bases, acids, and salts. We have paid special attention to 
chemici ra chemical properties and this will make the study of new 
elements easier because the chemical properties of elements are 


mainly characterized b iti i 
hydroxides, y the composition and properties 


of their oxides and 


what Let us try to systematize our knowledge. First of all try to remember 
is the difference in composition of compounds in each class. To do this, 


perform the following exercises. 


» 
? 1. Write out the form 
(d) salts from the following: Ca(OH)2, 


FeCl;, CaSO, 
PbO, CaO, 


ulas of: (a) oxides, (b) bases, (c) acids, and 
Na;O, HNO;, Cu(OH);, 


Cr,O, HCl, K20, H;PO,, Fe(OH), CuCl, 


H;SO; Al2(SOx)s, 


Na,SO,4, H;SO, Ba(OH)2, 
H,S, AgNO , FeS, Ca(NO,),. Name each substance. 
id name the oxides and hydroxides of 


A 
2. Make out the formulas an r 
the following elements: potassium, zinc, 


aluminium, sodium, magnes- 


ium, iron (III). . . 
tances are known as alkalis? Give formulas of three 


3. What subs 


alkalis and name them. . 
and names of salts formed by aluminium 


4. Write the formulas 
with the following acids: hydrochlori 


carbonic, silicic, manganic. 
on of: (a) acids and salts, 

ind what do they have i 

6. What substances are known as oxides, acids, 

are all oxides div 


5. Compare the compositi 
salts. How do they differ a 


7. Into what two main groups 
their chemical properties? 


ic. nitric, sulphuric, phosphoric, 


(b) bases and 
n common? 
, and salts? 
ed according to 


Oxides 
of oxides, try to remember what 


sibi In order to characterize general p 

Stances are called oxides, and give examples E 

. We now know two groups of oxides, namely acid and 
Studied their chemical properties. Let us systematize our 
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roperties 
(see Secs. 2.3 and 4.10). 


basic oxides, and have 
knowledge of oxides. 


2 Chemical Properties of Oxides 


ic oxides, 
B. We basic z 

Reaction o a: ii . Some ssium, 
i i Oxides with ater. x i t } 
i ma his formed by the cepe E T a le 

sa ee with water to form bases (a 

i d calciu kal o 
barium an Í $ 


calcium 
hydroxide 


MgO + H,S0, = MgSO, + H,O 
magnesium 
sulphate t with water to 
Reaction of Acid Oxides with Water. Acid oxides reac 
orm acids, for example 
SO, + H,0 = H;S0, 
Sulphuric 
acid 
Some aciq Oxides. 
Water but 


» €g. the oxide 
they stil] hav 


© correspondi 
€action of Acid Oxides with Bas 
form a Salt and wat 


with 
react 

of Silicon(IV) SiO;, do not 

ng acids. 


ith alkalis 
es. All acid oxides react with 
er, for example, 
B(OH, + Co _ BaCO, + H,O 
arium 
carbonate ing 
lowing 
l the follow io 
2 l. Writ SWuations for the reactions with water BEES phos? 
Oxides: sodium Oxide, Sulphur (TV) Oxide, barium 
rus(V) Oxide, Name i 
A 2 Wri 


T © reaction products. 
^. rite Equations f 
With nitric a4 


xide 
ium OX 
e following reactions: (a) calci 

ide wire Acid, (b) ferric oxi 

Oxide with hy : 

3. 


un 
( agnes! 
Oxide with sulphuric pr m xide 
A Chloric acid, Name the reaction Pi hur (IV) auil 
Write ations for the reactions between (a) sulp and bari 
and potassi TOxide, (p) carbon (IV) DUE rie Name 
hydroxi > (c) Silicon (ry) Oxide and sodium hydrox ing 
reaction Products, . the follo N5, 
4 Write Tmulas or Oxides Corresponding to OH), H250; 
RASEN inkOH, Bacon. H;PO,, H,SiO, Fe( 

oxides,” Indicate Which of them 

5. Whi 


are aci 
are basic and which are ay 
m 
MnO n 
hich of the following Oxides Na, o, SO,, MgO, OR N dow 
react With (a Nitric aciq and (b) Potassium hydroxide? 
the Teaction Equations and nami 


the reaction products. 
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6. Write down equations for the reactio i 
e ns by which the i 
conversions may be achieved: d Deci 


NaOH 
(a) Na,O” (b) C > CO,” 


N NaNO; *K,CO, 


——— a ——— MÀ —- 


H,CO; 


Acids 


In order to summarize the i i 
t properties of acids, remember what compounds 
known as acids, and give examples (see Secs. 3.4-3.6). d ED 


5. 3 Classification of Acids 


By their composition all acids are classified as binary and 
tain only hydrogen and a nonmetal, 


" ox yacids. The former con 
es hydrofluoric acid HF, hydrochloric acid HCl, hydrobromic acid HBr, 
ydriodic acid HI, hydrosulphuric acid H,S; the oxyacids contain oxygen, 


Ie and a nonmetal e.g. sulphurous acid H,SO3, sulphuric acid 

d 0.4, nitric acid HNO3, phosphoric acid H;POx, carbonic acid H5;CO;, 

silicic acid H,SiO3. 

Ed. number of hydrogen atoms i 

ie le of being substituted for by m 
Onobasic (HCl, HNO), dibasic (H,SO. 

tribasic (H,PO,). 


n a molecule of an acid that are 
etals, acids are also classified as 
H,CO, HS, H,SO,), and 


a Below follow the formulas of acid residues in which their valency is 

designated by the corresponding number of dashes = AsO,, 

C CIO, -CrO, =S, —F, —Mno« —VO,, = PO, = Ses. 

Write the formulas of the corresponding acids and divide them into 

the following groups: (a) oxyacids, (b) binary acids, (c) monobasic 
(e) tribasic acids. 


acids, (d) dibasic, and 


9.4 Chemical Properties of Acids 
What we know about acids is enough to characterize their 


Aes chemical properties. "^ . 

th ction of Acids on Indicators. Most acids readily dissolve in water. Of all 

ha acids you have met so far silicic acid alone is practically insoluble in 
er, 

b Acid solutions change the colour of indicators: litmus and methyl orange 

oth turn red. This reaction is used for identification of acids among 

other compounds. 
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i i It and 
Reaction of Acids with Bases. Acids react with bases to form a sa 
water: 


HCl + NaOH = NaCl + H,O 


sodium 
chloride 
3H2SO, + 2Fe(OH), = Fe, (SO,), + 6H,0 
ferric 
sulphate 
The reaction of acids with 


j ed 
bases is already known to us. It is call 
a neutralization reaction. 
Reaction of Acids with Basi 
a salt and water: 


SHE Gil Qe, 4. 


cupric 
chloride 
HSO, + Me0= Meso, 4. Ho 
magnesium E 
Sulphate , 
TEN u 
i ith basic oxides are used į : e salts al 
Reactions with | > n the manufacture of som a : 
also for the purification of metals (that are t emselves insoluble in acid) fro 
ir oxides. . f 
oen of Acids with 


Metals Solutio i ic, hydrO" 
` k ns of Iphuric, h; 
chloric, phosphoric, etc.) react with metals ^d rs acids (sulp 
electrochemical series (p, 70) Th 


the 
íi come before hydrogen -— 
Feaction gives a salt an 
SE st Pitan ZnCl, + H2t 
zine 
chloride 
H380, + Fe = FeSO 


, Sulphate 

Nitric acid reacts with met 
drogen. R . 

Ae properties characteristi 


; Suc Of aci 
of the compounds belonging th thee? ale not 
insoluble in water do n 6v 


: atives 
e t iñherent in an representan 
Ot reac iih s of acids, For example, acids that by 
indicators. metals: nor can they be identified 
1. Descrip, 
1 illustrate yo the 
^ 


chemic; N to 
2. What jg answer ^^ Properties of acids. Use indicators 
à neutralization Utralizatio " f 
io : nr s ol 
2 pow d a sei action? action? Wee are the product 
with Potassium ution 


uric aci " tically 
ion? wibe neutralized practic? 
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1 on- 
the reaction equat! 
5 Main Classes 


nd 
salt a 
form à 

i i ses to 

Reaction of Acids with Bases. Acids Teact with ba: 

water: 


HCI + NaOH = NaCl + H;O 
Sodium 
chloride 


H,O 
38,80, + 2Fe(OH), = Fei (SO;), + 6H; 
ferric 
sulphate 


= CuCl, + 4 [9] 
cupric 
chloride 
250, + MgO = MeSO, + H,O 
magnesium and 
Sulphate $ Š salts rom 
i me sé 
€action ith. basic Oxides are Used in the manufacture ME acid) 
also for the Purification 9f meta] (that are themselves insolu r0 
heir Oxides, buric, n the 
action of Acig With Metals Solutions of some acids gea ogen 
hloric hosphor » etc.) With metals that come before hy d hyd? 
electroch, mical ies (p. ' “RE reaction Bives a salt an 
HO. ZnCl qq, 
zinc 
chloride 
H;so, TOR. Feso, Ht 
ferrous 
. ülphate ation 
Nitric acid act 1 n libera 
ydrogen 3^ Metals to 8Ve salts but without 
The Properties Cha, 


ves 


tati 

i sen are 
"acteristic i " in all repre t 

of the compounds belong: of acids are not inherent in 


: Bing to the 
insoluble in Water do not 
indicators, 


T tha 
ids by 
(48S Of acids For example, “identi ied 
Teact With m als; nor can they be 


rs 
i indicato! 
1. Describe the chem; m Use ind 
i mi ids. 
ants Your answer cal Properties Of aci products 
2. What ds neutrali ti . — 
» a neutralization reaction ^ Teaction? What 

How can : 


ically 
actic? n. 
E ized prac; 
iun POlution Of sul " jd be neutralize equi 
with Potassium hydroxide solatia 2b the reaction 


i Sdin Classes of "Organic Compounds 


4. Write down equations for the reactions between (a) sulphuric acid 
and hydroxides of barium, aluminium, zinc, and potassium; (b) nitric 
acid and hydroxides of calcium, iron (III), lead (II) and sodium. 
5. Write down the formulas of the following acids: HBr, H,S, 
H,SO,, H;PO,, HNO,, HI, H,CO3, H,SO,, H,SiO,, HF. Name 
the acids. Superscribe the Roman numerals to indicate the valency of 
acid residues in these acids. 

6. Write the formulas and name the oxides corresponding to the 
following acids: H,SO , H,SO,, H;SiO;, H;PO,. 

7. Which of the following compounds can react with hydrochloric 
acid: Cu, CuO, Cu(OH), Fe, Zn, ZnO, Zn(OH), Ag? Write 
equations for the reactions that may occur and name the substances. 
8. Into separate test tubes are placed Fe,O3, Mg, and solutions of 
NaOH, HCl, and phenolphthalein. What reactions characteristic of 
acids can be carried out with these reagents? Write the reaction 
equations. 


Bases 
Before reading further, remember what substances 
examples (see Secs. 4.7-4.9). 


are known as bases and give 


5 5 Classification of Bases and Their Chemical 


Properties 
All bases are divided into two. major groups, namely, 
insoluble bases and bases soluble in water (alkalis). — A 

Alkali solutions are soapy to the touch, they destroy skin and fabrics, ani 
are therefore called caustic. Examples of alkalis are potassium “wr i 
KOH, sodium hydroxide NaOH, calcium hydroxide Ca(OH), barium 
hydroxide Ba (OH),, etc. 


i i tions of bases change the colour 
Action of Soluble Bases on Indicators. Ls nf diei died uem 


of indicators: litmus turns blue, methyl or 1 
Crimson. This property of bases is used for their detection among other 
Substances. 

Reaction of Bases with Acids. 
and water: 


All bases react with acids to form salt 


CaCl, + 2H,0 
calcium 
chloride 


CuCl, + 2H20 


cupric 
chloride 


le bases react W 


\ 


2HCI + Ca(OH): 


2HCI + Cu(OH); = 


i i ides to 
Reaction of Bases with Acid Oxides. Solub ith acid ox! 
ive salts and water: 
2NaOH + CO; = Na;CO; +H.0 
sodium 
carbonate 


Decomposition of Bases by Heat. Insoluble bases easily decompose on 
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heating to give the Corresponding oxide and water: 
Cu(OH), - CuO * HO 
cupric 
oxide 


Alkalis decompose only at high temperatures. 
? 


the 
out 
g Carry 
1. Describe chemical properties of bases. luble base 
ding ex eriments. " inso 
^ yea € Chemical properties of alkalis and 
ich of th 


3. Write formulas fo 


esivm 
iron(II) and th 


z ium, magn 
T hydroxides of potassium, barium 


dium 
Cir corresponding oxides. : ith a 509 0, 
ich of the following e will react T SOs Ay 
ydroxide solution, and Which with hydrochloric aci Cu (OH)» 
HS, Mg(OH), O» KOH, H,PO,, MgO, P20s, ith the 
Ca(OH),? Write Feaction equations, contact WH) cur 
; Why should alkalis (KOH, NaOH) be kept from therwise ° 
air (in tightly close Containers)? What changes may 0 Ca 
in alkalis? Write Feaction equations. . chieved: 
OW can the following chain of conversions Eun arate 
7 o> Can), Ss, 2? Write reaction equatio two sep? 
7. How can Solution of acid and alkali contained in 
test tubes be experimentally identified? 
à; Salts 
First read Sec. 3:5. Give examples of salts, 
5.6 Naming 


ron 
of Salts and Their Compositio 
When we di 


4h t 
: n dealt with e 
à 1 Oxides, acids, and bases we alt mà 
Tegarq ^ Feactions y Which Salts are formed Each Tum aci 
Metal atoms, Product of sy Stitution of the hydrogen atoms o T 
b 
e id, “re formed from the name of the metal followed ble 
3) * Plus the @PPropriate suffix (see Sec. 3.5 a 


ic Re than one valency, 
FeCl; is irony Wich follow the name of th 


sodium sulph 4 ium P gte 
phate, calci ride sodis Iron(ITI) omida, sium phosPhg) 
magnesium pity iss; dium romide, pota: op! 
chloride. ate, Potassium Silicate, sodium sulphate. C 


mul 
ite, 
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5.7 Genetic Ties Between Oxides, 
Acids, and Salts 


The substances that we have already studied can be divided 
into several classes according to their com iti 

roped € position and 
diners” The ties between them can be’ represented by the following 


Substances 
Simple substances Compounds 
Metals Nonmetals Oxides Bases Acids Salts 
Basic Acidic Alkalis Oxyacids 
Water- 
insoluble 
Binary 


on study of oxides, bases, acids, and salts has shown that there exist 
lop: connections between them: substances of one class can be obtained 
"i substances of other classes. Two series of genetically connected 
en ances can be distinguished. One begins with metals and the other with 
NR. Barium is oxidized to barium oxide, and the latter reacts with 
with, to give barium hydroxide, which in turn forms a salt when it reacts 
acid. This chain of conversions can be shown as 
Ba — BaO + Ba(OH) > BaCl 
tL is oxidized to phosphorus(V) oxide, and the latter reacts with 
* r to give phosphoric acid, which in turn reacts with alkali to form a salt. 
ese conversions can be described as: 
P > P,O, > HPO, 7 Na; 
dum connections, based on the possibility of o 
Tes rom substances of other classes, are known as ae 
sho ns birth). The genetic ties between oxides, bases, ac! 
wn in the form of the following diagram: 


Metal 


PO, 

btaining substances of one 
tic ties (Latin genus 
s, and salts can be 


Nonmetal 


Basic oxide Acidic oxide 


Acid 


Base 
— Salt <— - 


i 5.7 Relationships Between Substances 


ion? 
; ir composition; 

3 ances are called salts? What is ted be achieved 

- HOW can the following - of convers 

(aS + so, ., H,S0, > K,SO,; , tioni 

(b) Ca > cáo ., Ca(ÓH), = CatNO,),? 

Write Teaction i 


ac 
each re 
equations and indicate: (a) type of 

Subscribe the class of 


) acidic oxid :4 and 
o they diffe: . ition of (a) acid ' 
- Specify Similarities and differences in composi ifferent 
salt; (b) base and sal ic ties between di tions: 
i illustrate the genetic „ties tion equation 
as shown above, Write Mus genetic s) 
Note-book the diagram showing t (by two Ting 
es thee’ acids and salts and interconnec correspon 

those substances that can react with each other. Sue line in 

ion equations to illustrate the meaning of eac! 


each substance. 


B conversions be realized: 
Oxide + calcium 
iun IPhur(IV) oxide _, sulphurous ide: 
> calcium Sulphite: r(II) chlor 
(©) c roxide — copper(I) oxide — coppe: sulphate", 
) iron h, TOXide ., iron(II) oxide — won S name 
Ne equation. for the Corresponding reactions an : 
reacti i ie one anotl) 
© dollowing substances will react yin One phutl 
ide, 2,  Xlde, calci Jdroxide, hydrochloric aci xide, mag 
Oxide, oxide, alu. inium hydroxide, sodium hydro specif 
lum | ite equations for the reactions an 
ions under hi 


|. Laboratory Exercises: 


1. Properties of Substances 


In studyi i 
Substances pos d hen must be able to give a correct and complete description of 
l. What is th e the properties of a substance given to you by the instructor. 
. Smell the X normal physical state of this substance? What is its colour? 
of the substan substance. Do not smell directly from the vessel because the vapour 
follows: rem ce or gas can cause strong irritation of the airways. Instead act as 
face as komek the stopper from the vessel and wave your hand over it towards the 
not cause in Fig. 1.1. The vapour will thus be strongly diluted with air and will 

o Serious irritation. 
nose EI can be detected at a distance, the vessel can be brought closer to the 
| smelled again. 
Scale is E special scale, determine the relative hardness of the substance. If the 
fie hardne vailable, try to scratch the solid with your finger-nail or a piece of glass. 
on the Ag the finger-nail is 2-2.5, and that of glass 3. If your nail leaves a line 
trace, try the its hardness can be assessed as below 2. If your nail does not leave any 
ardness is chee an i.e. scratch your nail with the test solid; if it marks the nail its 
one in ni^ ove 2.5. Testing a substance with glass or standard scale specimens is 
ardnes same way. This technique is used for approximate determination of the 
ess of substances. 

sample, put it in a test tube or 
rs or appreciably diminishes in 


Size, A 
; the substance is said to be readily soluble. 
tube ver close the mouth of the test tube with your finger when you shake the test 
because the solution may attack the skin or the solution itself may become 
in your left hand as shown in 


tube. ess i e ^ 
to sr he liquid in the test tube occupies more t 
Stoppered ipping the rod into the liquid severa 
5 D, and turned upside down several times as well. M 
solid Drop the test substance into a beaker or à test tube containing water. Does the 
sink or float to the surface? To obtain more accurate data on the density of the 


] times; or 


sub; 
Pee consult a reference book. " an r å 
substan onsult the reference book to determine the melting and boiling points of this 
ce, 
the plasticity, electrical 


make a judgement as to 
id some other properties of the test substance. If 


du i 
From your own experience, 
properties. 


conductivi 
ductivity, heat conductivity an 


your experi ^ i 

Perience is too limited, do not mention these 
8. In o ERI isonii 1 sation of the mouth mucosa, never 
k rder ti oning or irritation oF [he sa, neve 
or evold accidental pono the substance given for description is 


tas 
te an unknown substance. If the taste O 


nown to you, rfi: 
, state it in your notes. " á A 
ü 9. Describe the properties of the substance in the following order: physical state 
PPregation) colour, odour, lustre, hardness, plasticity, electrical and heat 
y er, density, melting point and boiling point. 


en s 
nductivity, solubility in water, 


Wh 2. Separation of Mixtures i . 
se en deciding by what method shall the components of this or that mixture be 
thee tee it is very important to know the properties of the individual components so 
these may be conveniently used during their separation. 
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Fig. 11 Smelling the Odour of unknown 
Substances 


by 
ts 
onten 

Fig. L2 Stirring test-tube c 


tapping 
e 
sam 
d the tively 
aper an tten 
Pla Poonful of Powdereg sulphur 9n a dr erg Lee 
amount of dered iron or iron filings) py alongside the firs 
to memor; their Colour, 
2. Half fil test tubes With w. 
and of Iron into the o 
With Wate, 


ater and dro, 
ther test tube, serve, ( 
T and therefore it f u 
Water,) 


ie 
à on 
Iphur into Pi 
P à small amount of sulphu 

Oats to he Surface, 


Of 
es pO o 
r mix that 
at sulphu NICE 
yh density is t 


re 
ape 
of paFrg 
sheet tart 
€ iron ang Sulphur thoroughly on thei the $ 
9f the resultant mixture? Has the ‘colo wate 
Ur an, ? ini 
into a ‘Tho? or a beaker containing t to tht 
those in point 2. t the Mnd sulphur? 
T with another sheet and put | and 5 n 
as happened to the initial compo have 
MS and draw 4, Conclusion: do the is after they been 
a ur) Preserve 4 eir individua] properti ulphur ha 
difference in TOPerties of iron and s 
© them fro Mixture? 
Physi Ip 


r and 
te into a t 
TVations With 


er: 

burns 
f a gas it Wi 

AS tube ang Put it into the Heme of where © ends 
Short While the tube wi bend at the pel at both ver 
^ alcoho] p er is us ube may be held becomes "fr 

its middie Portion > he flame. When the Bess substan : 

hot, try to bend the tube, Has S been Converted into some ot fix it in 

heating? , ] (ik ionge Sr Burnet: 

2. Put a piece of PERLE n (Ple, hold the latter T tonai nde place 

a metal ring stand, Put the Crucible in the “PPer portion of the famis melted, P^» d 
hat happens to the Paraffin n heating» AS soon as the paraffin down the os ne 

the crucible on a metal gauze sheet With an asbestos centre and put med into 

hen the crucible becomes cool, look araffin. Has it tur iments? 

? n experi 

e l- 9 the Phenomena observed in the two 

I Laboratory Exercises 


Fi i 
ig. L3 Bending a glass tube 


1.38 4. Chemical Phenomena 
- Pick up a copper plate or wire with the test-tube holder (tongs) and hold it for 


à sh Pun 
ort while in the flame of a burner. Then remove the copper plate from the flame, 
rface onto a sheet of paper using 


and scrape off 
a kni the black deposit on the co er's su f 
"redd à splint. Heat The coppst again d again scrape off the deposit. Has a new 
2. Pla been formed during the heating of copper? j 
gently s ce 3-5 pieces of marble or chalk (the size Df a pea) in a small beaker. (Do it 
and Hw as not to break the glass.) Add enough hydrochloric acid to cover the solid 
à new serve. Light a match and put it into the beaker. What do you observe? Has 
(chalky) ene been formed during the reaction of hydrochloric acid with marble 
? What is the new substance? 


What 
f commo 
experiments? n phenomena have 


you observed in carrying out these two 


5. Simple Substances and Compounds. 


Look i 
at the s i the instructor. 2. : 
ubstances given to JP he substances and divide them into 

les thus separated 


1. Read 

tw the label on the bottles containing t 

faite groups: simple substances and com ‘Arrange the bott 
b two groups. 

Bom s intently at all the simple su 

them? metals and nonmetals. What PF 


ces and separate them into two other 
mess tals have you used to identify 


operty of me 


6. Copper Carbonate a. d 
Decomposition of CopP : (malachite). What colour is it? 


l. Look a 
t the powder of copper carbonat 
2. Place a ae P i be (the layer of the powder in 
sm: der into à test tube 1 
= bae tube e quent ot hee Close the test tube with a stopper through 
a glass (gas-outlet) tube is passed. 
outie Test the assembled ) raras for tightness. To do so. lower the ey pe 
lest tube into a beaker containing water to a depth of not over 0. i: ke 
puteus in your fist: air bubbles should be liberated into the - s, ues bodas - 
et tube. Explain why. If air does not bubble from the gas-outlet tube o Hea 
tut there is leakage between the stopper an the test tube OF —— he gas- tet 
tight and the stopper. The stopper should be readjusted OF replaced by d 
hess of the apparatus tested again. 
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be 
test-tU 

1 ver the 

the test tube to distribute the malachite powder o 


d as 
5 in the stani 
iddle to the bottom of the test tube. Fix the test tube 

shown in Fig. 1.13: its mouth should b 


bottom. 
e slightly below the level of the 
of lime water i 


ea! i the test 
ting the malachite? Why did we fix 
an inclined Position? 


7. Reaction of Iron wi 
“1. Fill a test tube about 


i tion 
th Copper(II) Chloride Solu 

1/4 full of coppi 
the solution, 


Jour 
i the co 
er(II) chloride solution. Observe 

: ail from a t 
the solution for 129 ns 


ve 
hread and low, into t hat changes Vh 
inutes, then Temove and examine it. Whe same solun TN) 
occurred on the nail surface? Add a pinch of iron shavings to colour of iro 
Observe the Change in Colour of the Solution. Compare it with the co 

chloride Fec] Solution, What i 

tube? Write { e 


test 
in the 
Is the si ction that has occurred 


iron(ID) 
ign of the rea la of iro 
^ WII Equation of this Teaction remembering that the formu 
chloride is FeCl, and of cupric chloride CuCl,. 
8. Acquain 
1 


üspend an iron n 


itin 
i Keep 
er it into the solution. 


ay 
i r and P 
Oxides given to you by [p o you 
cir physical state (aggregation), colour, an he data that 
"aan, the table given below in your Note-book and fill in th 

have gathered on the Oxides: 


Physical properties 
'o " 
Oxide fom Pasition 


State of 
aggregation 


9. Acquaintance With Fuels 
1. Look carefully at Samp] 
instructor, 


by the 
7 of liquid and solid fuels given to you 
2. Write in your Note-bo, 


names of the fuel, 

10. Preparing Hydrogen in tend add 
1. Hold a test tube in an inclineg sition, pl 4-5 grains of zinc in it a int 

2-3 ml of hydrochloric SN Serve what poe the surface of zinc and 

acid. What Substance liberates» ;ng match 
ait for a while until air is displaceg fro ube and put a burning 

to the test-tube mouth. What wi) YOu observe? r 
. When evolution of Bas l iscontinues [ the burnt 

Solution from the test tube ae à glass plate and evaporate the liquid j Wt are t 

(Fig. 1.4). What remains on the ass after the liquid has evaporated? W 

Products of the reaction between Zinc and hydrochloric acid? 
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ibe them 
S and briefly describe 


f the 
^ transfer a few drops O 


Fig. L5 Apparatus for reduction of cop- 
per from its oxide by hydrogen 


Fig. : : 
nd Evaporating solution on a glass 


1 11. Reaction of Hydrogen with Copper(I!) Oxide 
grains "asemble an apparatus as shown in Fig. L5, test it for tightness, place 8-10 
8 sto Of zinc in it, and add 4-5 ml of sulphuric acid. Close the test tube with 
ina PU through which a gas-outlet tube is passed. Fix the apparatus in a bottle or 
two and. Test the liberated hydrogen for purity and fit another test tube holding 
i. eon of copper(II) oxide to the end of the gas-outlet tube so that its end should 
Svr the copper(I) oxide. . f 
where thes the test tube containing copper(II) oxide over the burner at the point 
on the € oxide is placed and observe what happens on the walls of the test tube and 
heatin surface of copper(II) oxide grains. When the colour of the oxide changes stop 
Wk and allow the test tube to cool in the stand. 2. 
atmos a substances were formed during heating copper(II) oxide in the hydrogen 
propert ere? Write out the reaction equation. What type 1s the reaction? What 
tty of hydrogen is illustrated by this experiment? 
12. Acquaintance with Properties 

and Sulphuric Acids 
amg h pork at the hydrochloric acid given to you by thè instructor. Decide if it has 
PI our. (Remember the rules for smelling an unknown substance.) 

chlorie € about 2 ml of water in a test tube and carefully add about 1 ml of hydro- 
c acid. What happens? Has the temperature in the test tube changed? What is 


e 5 
density of hydrochloric acid compared with that of water? f 
to hoe half the obtained solution to another test tube. Add three drops of litmus 
acid in one test tube and the same amount of methyl orange to the acid in the 


oth 
Er s tube. Observe the reaction. ] 
anythin ook at the sulphuric acid given to you by the i 
of the tu careful). Incline the test tube slightly. What 
aca P a splint into the acid. Remove it carefully and hold over a beaker so that the 
Oes not drip on the table. What changes in the splint have you noticed? 
i dd (carefully) about 1 ml of sul- 


t tube and add c | 
he density of sulphuric acid compare 


of Hydrochloric 


nstructor. Decide if it smells of 
can you say about viscosity 
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ter 
the wa 
rature of 

id di i ter? Has the tempe 

i ? Has the acid dissolved in wa 

with that of water? 

changed? 


t tube 
ic acid into another test t 
fer about half the obtained solution of sulphuric acid into 

and uo drops of litmus into 


into 

orange 

one, and the same amount of methyl i 
i ; drochio 

erve the reaction. ; cand hy 

i die, on what are different Properties of sulphuri 

acid? Remember the colour of litmi 


S. 
: f the ac! 
us and methyl orange in solutions O 
13. Reaction of Acids with Metals 


ic acid 
ric acl 
f sulphu 
ins of zinc in two test tubes and add about 1 ml ol 
into one and the same amoun 


l 
ke al 
be. (Take ^^ 
t of hydrochloric acid into the oiher test bs place iro 
en handling the acids.) Take another pair of test 
filings in them. Add the same aci 


oxide 
n ferric er. 
© solution from the test tube pep a bur 
reacted with Sulphuric aciq onto a glass plate and evaporate 
àt remains on the glass aft 
Ca i 


sium 
aking magnes. 
- Carry Periment with the same acids but taking ac 
Oxide instead of iron(IIT) Oxide. What d 
to metal oxides? 


i f 
15. Solubility of Solids in Water. Variation o! 
Olubility with 


rate 
‘auf o sepali jg 
and 0.5 g of sodium chloride into tW lid 


so! 
^ ave the 

dq Vater to each test tube. Mix thoroughly. H 

mpletely? Add the same s 

where the: have 


tu 
t test Ue 
ubstance in small portions to the tin 
her completely dissolved 
Stirring the Solutions, 
T. 


d 

n 

" itrate f 

d solutions of potassium Piy boiling 

fter another to their oiling points (without a add the 5^ i 
n the bottom of the test tube dissolves, of eac! 

portions until the salt stops dissolving. Has the solubili y ool 

the same wa; ' With the ising. temperature of the solution ‘point to a d 

Saturated at emperature close to the boiling nitrate 

€ changes that Occur in the solutions of potassium 

odium chloride, Which salt as Precipitated ina 

erive your conclusions about 


ity? 
Breater quantity? m 
e dependence of solubility on tempe 
16. Acquaintance with P. 
Calcium Hyd i e 


Ydroxide. 


rature 


in 
iberated 
h test tube and shake carefully. Is heat De rios 
Oxides dissolved completely? Pass cloudy 5 af 
" eac! 
© Parts. Add 2.3 drops of neutral litmus to 
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the three portio i 
litmus pa ns (or using a glass rod transfer a drop of each solution i 
u per) and add the same i mae aed 
Portions, reis dang: Ih amount of phenolphthalein to the remaining three 
out the results of your observations in the following form: 


Table I.1 
Properties of Metal Hydroxides 
Name of 
subse Formula — |State of ili i 
mu. pe ee ein 
Litmus Phenolphthalein 


17. Neutralization Reaction 


1. Place about 5 ml (1/4th test-tube volume) of sodium hydroxide solution into 
e the change in‘ colour. 


a EC 
Porcelain dish and add 1-2 drops of phenolphthalein. Observi 
dd in 1-2 ml portions and then drop by 


part pranster about half the solution into T i 1 
evaporati ryness over a burner. Use a glass rod to stir the solution during its 
‘ation. Inspect the obtained salt. 


Plac 18. Reaction of Insoluble | 
ydroxid small amount of copper(II) hydroxi 
Portions e into another test tube. Inspect the hydro 
ydroxidi to the first test tube and hydrochloric acid t 
fons Ss dissolve completely. Wier the colou 
urne T 2-3 drops of the obtained solutions onto glass plates a 
T to evaporate the liquid. What remains on the plates? 

19. Thermal Decomposition of Copper(!!) Hydroxide 
e, fix it in the stand in an 


. Place a small p : edis 
incli m ortion of cupric hydroxide in a test tub J 
aM position with the noun pointing down, first warm up the entire test tube, 
Subs en heat that part where cupric hydroxide is placed. How does the colour of the 

Stance change? What do you observe on the cold walls of the test tube? 
appa rite the results of your observations in the note-book and draw a sketch of the 
equation’ with the indication of its separate parts and units. Write down the reaction 


Bases with Acids 

de into one test tube and iron(III) 
droxides. Add sulphuric acid in small 
o the other test tube until the 
r of the obtained solutions? 
nd hold them over the 


Il. Practical Experiments 


Experiment 1. Using Laboratory Burners and a Ring Stand 


Using an Alcohol Burner. Structure of Flame " 
l. An alcohol burner. The burner is made up of a peona 
containing alcohol, a wick in a metal tube with a disc, 

a glass cap (Fig. 11.1). ch. 
Remove the glass cap and place the alcohol burner on the ben 
Slightly lift the disc and sei ing i 


P ol 
ork. Prime the burner as follows: pour "e 
through a funnel to about 2/3 its full e E 
through the tube so that it will neither Before 
ick end with scissors. a 
tly wet the wick with alcohol. | r 
un Wick is not available, it can be replace! 
ool.) 


" used to 
à burning match should be 
4 rner. Never use 
Might cause a 
this is also d 


it 
n = use ! 
another burner to light it, ec. sinc 
fire. Never blow on a burning alcohol burne 
angerous, 


Fig. ILI Alcohol burner: à — glas I is 
b-tube with a disc: c—wick: d-alcohbi mad git. The hottest zone of the flame 
€d by a frame 
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Fig. 11.2 The flame of an alcohol burner: 
a-dark 'cold' zone; b-luminous hot 
cone; c-less bright but the hottest zone 
of the flame 


In order to extinguish the lit burner it is enough to cover it with 
wit 


the glass cap. 
If the size of the flame is 
(by replacing the cap) an 
Light the burner again. 
4. Heating over a burner. Look at the flame of the burner. It 
structure is not uniform (Fig. 11.2). The flame is darker in m 
inner zone over nd brighter to the sides and in the 
upper portion. Quickly put the head of a match inside the darker 
zone of the flame and hold it there for a while over the wick: it 
will not catch fire immediately. Now take another match an t 
its head in the upper zone of the flame: it catches light al 
immediately. In what zone of the flame should an object be p! 
we want to heat it? 

o 1/4 its full capacity and heat it in 


rd of the flame. Swing the t 


that the test-tube bottom does 
test tube may collapse from contact With à 
wet wick. When water starts boiling, discontinue heating and put 
down the burner. Glassware of thin (chemical) glass may only be 
heated over an alcohol burner, 

5. Draw a sketch of the alcohol burner and indicate its separate 


parts in the „drawing. 


smaller than wanted 
í , put out t 
d pull the wick up using the lw 


Using a Gas Burner 

1. A Teclu burner. A Teclu burner comprises à base and 

a chimney which is screwed into the base (Fig. 11.3). Unscrew the 

chimney from the base and look at the latter. The base is the 

support of the burner; moreover, gas is delivered through it into 
ided with a pipe 


the burner. For this purpose the base is provi 
ber tube, connecting the burner to the gas 


onto which a rub! n u t 
i site to the gas inlet pipe there is 

a screw by which the gas flow into the burner is controlled. If the 
"ll be delivered into the burner. 


] the gas flow into the 


burner. 
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s 
h air! 
h which arer 
art which is covered by a perforated Fe ep as. The 
RENS into the chimney to.be mixed wi 
Part of the chi 


air is 
intake of s in 

5 The intal hole: 
i lled a mixer. ses the rsely» 

; "ud "When the disc tightly dre conve! 
controlled b s md into the burner, follows! 
rations will admit more a act as id to the 
réparing for work. To light a barn its other en 4 
(a) attach a rubber tube to the gas cock an — po 

inlet pipe in the burners base; : as delivery) € ns of 
(b) turn the adjusting screw Controlling ga of revolutio i 
turns from its initial position (the num TE mains); . ing burner 

depends on t © gas pressure in Il height: if sown in 
(c) lift the air-inlet adjusting disc to its fu may be b as o 
is li ith the disc fully open the Tamem turn he inle 
the upper part of the chimney. If this happens ms the 
immediat ely and allow the burner to cool, 
and Telight the burner, 
tepare a Teclu burner for wo 
Lighting the bur, 
Proceed 


then 
independently. and 
ner. First road the u.c (a 
to lighting urner. To light a 


ke: 
. intak 

. r inta", 
C-adjusting disc controlling 8 et tub 
d— gas adjusting screw; e- gi 


ll Practical Experiments 


Fi " 
B. IL4 Ring stand: a-base plate; .b- 


Fig. IL5 Making a filter 


Upright; c— rj 
; c—ring; d—clamp; e- adjustable 


Jaws 


a match, (b) open the gas cock, (c) put the burning match to the 
ch is put directly over the 


burner top a strong current of the gas mixture may blow out the 
burning match; (d) turn, so that the flame is 
non-luminous and à 
In order to exting 
See to it that the gas co 
out of use. 

4. Heating over a gas burner. Pour water into a test tube to 
about 1/4 its full ca acity and hold it in the upper. third portion 
of the flame, slightly swinging it, When the water boils, 
discontinue heating an! e burner. 
5. Draw a sketch of give names to all its 
component parts. 


turn off the gas cock. 
ck is always closed when the burner is 


ry Ring Stand 
1. Design. The stand (Fig. 11.4) is used to hold apparatus during 
experiments and exercises. The stand comprises a cast-iron base 
i it. The base plate ensures 

stability of the entire ring stand. Unscrew the upright. Screw 1n 
the upright is securely screwed into 


s check that 
Ring (c) and adjustable jaw (e are held in place on the upright 
Ad hi h i d up and down the upright an 

i rew by which the 
p is held in place on the upright. , ix the clamp in the 
. Fix the clamp in the 
middle of the upright again. e ring or the adjustable jaw are 
ing another screw. Fix a ring in one clamp 

and the adjustable jaw !n the other. . 
Since the clamp can be moved up and down the upright and 
turned to either side, the ring and the adjustable jaws can be 
ight and at any required angle toward the 


arranged at any heigh 
vertical and horizontal planes. 
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112 


tit 

jaws so that Y 

in the jaws rip 

2. Using the ring stand. Fix a test ger upward. The gri 
assumes the vertical Position with the mo 


tio 
posite 
h for the the gri 
ld be loose enougl time The 
the jaws on a ee dm At the same pan out b. 
should be tight enough for the test tube = the test p uppé 
grip should Not be too tight either og jaws at ! y prove 
break. The test tube should be held EY because it M ust the 
Portion, near the mouth, not in the midd ripa length. pe fixing 
res SSaty to heat the test tube along its oa so, loosen the, tub 
test tube in the orizontal position. To Ber with the 

Screw on the clamp, turn the clamp toget 
through an a 


do 
; ish. To ef 
ngle of 90°, lain dis beak 
Fix a beaker ^y the ring stand; then fix a Poen put the nd the 
50, first place a Wire gauze on the ring, an 
On the gauze. The 


auze à 
ame of the burner will heat the g 
heat from 


aker. uze 
¢ e beaker. sg 
he gauze will be transmitted oe any wire g herë 
* porcelain dish can be put in the ring wi : 
dir tly ove, the fla; 


e 
in cas 
me. The gauze is only used 
uniform heating of the dish is required. 


9n of Table Salt 
When doi g 


jid 
P. 
urify 9 gues 
ng this exercise you will learn: d d tech ra by 
from insolub| impurities by one of common fs from liq ration: 
how to ma * à paper filter, to separate impuriti by evapo 
filtering, and how to Obtain salts from ne ied wa tions 
l- Dissolution of. impure salt. Place 20 ml o in small P?' sing 
a beaker and dissolye the salt by adding it Mine liqui It stop 
aog à spoon, ccelerate dissolution, E the sa" 7 qe 
3 ite sued With a rubber tip), vi ie ; 
8 despite stirring, stop adding the jotting 
aPpearance he solution, ion. Porous (b Take 
Mrification of an impure solution by filtration. medium: rime 
S Used in th aboratory as ‘the ae d two Noy 
na Paper (the size of which s| pan four, the 
© diameter o e funnel) and fold 11.5. Unfold ges 
a sector ys: € Scissors as Shown in Fig. II. 
5 orm a i 
tightly fit the Cone, ang pl 


its yon 
f 1 so that n , 
ace it in the funne depen’ les 
glass walls or the funnel. The ee an 
the patespondence etween the filter and um of the fo 
The filter Should Only reach to within 0.5 cm o 
wart Be. Us 
e 


he 
; aper. d th 
€ scissors to cut off any excess pap! jt 
pe 


hol 
$0, t 
e funnel with water. To Slightly ro “ite 
A "olio?" a beaker in an inclined Position an onto the fia 
The eram can be used to transfer water drops 
lite; ry 
SO engur, t «8 Paper Sticks 


]a 
nne! vel 
© the glass walls aithe m he fs 
thr sary tightness, Place the funne! a 

Case a pot of a f 


the ich 
Or in the ring of the stand. In whi 
ea] 

should touch p cPOuld be p 


in the 
a glass rod in, all ( 
ped. the fune dU) MU 
as shown in Fig. 1.2. The exu the glas ‘he 
T Paper which lightly rests again. vertex O ane! 
piteam is directed toward the centre (the y the fu pet 
showa ^ filter Paper may collapse. The liquid level qe pare 
in. Tet, Tse to More than 0.5 cm above the liqui 
pase lf the level rises above the filter margins the 
PASS between L eT and the funnel walls. 


3. Evaporation of pure solution. Pour the filtered solution into 
a porcelain dish and put it in the ring of the stand. Heat the dish 
over the flame of a burner, stirring the liquid with a glass rod, 
and make sure that the liquid does not splash from the dish. 
When crystals start precipitating, stop heating. Compare the salt 
thus obtained with the salt before it was dissolved. 

4. Make out a report on the experiment using the following plan: 
(1) name of experiment; 
(2) name of each step o 
resultant products; 

(3) draw a sketch of the apparatus used in the experiment and 
name each part of this apparatus; 

(4) conclusions. 


f the experiment with indication of the 


Experiment 3.Preparing Oxygen and Studying Its 


8-230 


Properties 

While carrying out this experiment you will check and improve 
your knowledge of the physical and chemical properties of 
Oxygen. At the same time you will learn how to collect gases in 
vessels by displacing air from them. 


Preparing Oxygen and Collecting It . 
1. Assemble an apparatus as shown in Fig. IL6. Check it for 
Pa be 1/4 full of potassium permanganate. Put a loose 
a tet tube A ion of the test tube and 


i i r portion 
pieca lhe apii ae a ith a glass tube is passed. Fix 


close it with a stopper through wh t x 
the test tube s sto PE ally in the jaws of the ring sang p the 
bottom of the test tube slightly higher than Le mon nE "n 
a bottle with a tightly fitting stop! put p y t i E net 
ring stand. First heat the entire p [ea ctt n ERU aaa 
hon de totom Dopey o n and then move the burner 
i f potassium permanganate 


which have not yet decomposee- im amens 

Put i lint to of the gas-outle 

to A ih it air has been displaced from the (re Es 

2. As soon as oxygen begi ing from the = eo ie 
tube into e 

pel Nu nct splint determine the momen s 

air is displaced from the bottle and it contains only 

Remove the outlet tube from the bottle by raising the PE ering 

Close the bottle with ‘the stopper, and put asic: 

stand to one side as well. 


Burning of Coal in Oxygen o. 
i he 
i i ron spoon and heat it in t 
fla A 2s — AC the glowing p ieee 
bottle Containing oxygen. Observe what happens. un mes. 
stops add lime water to the bottle and shake 1t. 
occur in the water? Explain. , A the plan given at the 
i rcise following the P' giver | 
" d of "Ex report o Y ite down the reaction cle shane 
= When giving your conclusions, mention the oe and 
chemical properties of oxygen that you observet y 
A pee m to those pupils who have finished their 
experiments ahead of schedule: 
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Fig. 116 A 
collecting 


Experiment 4. 
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Pparatus 
OXygen 


for preparing and 


if oxyg? 
ec ! 

ide to $ 

Heat Potassium nitrate and manganese(IV) ox 

is liberated duri 


ng this process. ction 
Rea ic 
Preparation of Vitriol Blue by, Sulphur 
etween Copper(i1) Oxide an 
Acid 
Carryin; 0i 


D 
dg? y 
owle Ë oy 
. ur know en 

B Out this experiment. will DEO aen will lea d 
Teactions bet des and acids an ition. zide 

e them from a so er(11) o 
9r à reaction between copp tes! 
a nd 
: id into * gn 
` qUPare a filter, ic acid in ns) ^ne 
3. Transfer rarefully about 5 m] of ee precautlo tit j 
» heat the solution to boiling (taking erll) oxide. solve 
dd aj t UA of a teaspoonful of ven oxide has i nat 

Mixture with à glass roq When copper( ir agai 
S reagent and stir 


i ra issolvin£ iof 

Portion of thi ide till it stops dissolv solut 
es. Continue Adding the oxide till it s 

Solution duri i 


m 
he 5*. [roi 
low t ste U. 
D ne this procedure but do not e the Mefail 
to boil. To Prevent this Femove the test tube irom, oxide 
time to time a new portion of copper( 
the aci 

Pass 


d 
, an 
i lution. gish ro 
d, discontinue heating the soreelain dow ts 
evaporite a solution through a filter ap. Fating a wha 
aate until c. ear. Sto i 
solution bo exi Tystals of salt app 
the g 


allization- 

n, and observe the orate Jan 

5 Maio T Of the crystals? Use the P 

above? Out a r TU of the work done. ( 

Paring Solution of Required sired 

Oncent tion (containing the de ined © 
lon of salt ill be requi" 

1. Calcul the Weights of Water and salt that gau nct ing 

dj elution Of the required concentration. a bale" wut 

ired yi to your Calculations, Weigh out on d WEM g ° 

a irod Went 10 ealt and measure out distille weighi 

a vo UMetric Cylinder. (Remember the rules for 


Wl Practica) Experiments 


solids and measuring volumes of liquids that you have learnt 
from the physics lessons.) 

3. Place the weighed-out portion of the salt into a flask and add 
the measured volume of distilled water. Mix the components in 
the flask until the solid dissolves completely. 

4. Write down the formula of the salt and its weight fraction in 
the prepared solution. Put your note-book alongside the flask. 
5. Write a report of the experiment and its results. Write down 
your calculations in the note-book. 


E . 
Xperiment 6.Experimental Solution of Problems on 


*Main Classes of Inorganic Compounds' 


In this experiment you will use your knowledge of the theory of 
classification and properties of oxides, bases, and acids and apply 
this knowledge to interpretation of practical experiments. — 

Problem 1. How can an iron nail be cleaned of rust using 
a chemical method? Carry out the experiment and explain it. 


Remember that rust contains iron(III) hydroxide. _ 
filings from the 


Problem 2. Obtain a mixture n 
instructor. Separate copper filings from the mixture by a suitable 
chemical method. Write down th 
Problem 3. Obtain from the instructor 
mixture. Establish if the mixture contains co 
down the reaction equation. y É . 
Problem 4. Identify A sodium chloride solution, a solution of an 
acid, and a solution of an alkali which are contained in three 
separate test tubes. ; de i 
Problem 5. Prove experimentally that magnesium hydroxide is 
a basic hydroxide. ' 

Problem 6. Prove experimentally 
a basi ide. š i 
Problem Ex. ma magnesium sulphate from maf hydroxide 
Prob. 3 in iron(III) sulphate ide. 
Pus 3 Onan mile chloride from copper(II) oxide. 


that magnesium oxide is 


Table 11.1 
Atomic Weights of Important Elements ( rounded ) 

Mag Symbol Atomic Element Symbol AE 
Al = 56 
minium Al 21 Iron Fe E: 
imony Sp 122 Lead Pb p^ 
Tsenic As 15 Magnesium Mg 55 
Qum Ba 137 Manganese Mn 0i 
ruth Bi 209 Mercury Hg 38 
Bion B T Nickel Ni 
ae Br 80 Nitrogen N id 
alius Ca 12 Oxygen o ^ 
arene Ca 40 Phosphorus P ios 
Chlogn C 12 Platinum A 2 
tro. C 35.5 Potassium : E 
Cor dtum Cr 52 Silicon Si 108 
alt Co 59 Silver Ag 33 
FP Qq 64 Sodium Na EE 
Go erine F 19 Strontium Sr 3 
old S 32 
H Au 197 Sulphur H 119 
i Ydrogen H 1 Tin n A 
Odine I 127 Zinc Zn 2 
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Conside 
concept. r some examples of the practical application of this physical 
Exampl - 
Prepare nd : pA quantities of aluminium and sulphur are required to 
react? m sulphide Al,S, so that all the aluminium and sulphur can 
The f 
with unl ALS, shows that each pair of aluminium atoms combines 
moles of alu phur atoms to give aluminium sulphide. It follows that two 
reaction. Th minium and three moles of sulphur should be taken for the 
moles of Fin quantities may be increased or decreased proportionally, e. g. 
3 mol uminium and 6 moles of sulphur, or 0.2 mole of aluminium and 
Eus of sulphur, etc. 
and (c) 0. ple 2. How many atoms are contained in (a) 2 moles, (b) 0.5 móle, 
Ši .1 mole of sulphur? 
phur -— one mole of sulphur contains 6 x 10° atoms, 
0.5 x D. contain: 2 x 6.x 1023 = 12 x 102? atoms; (b) 05 
-06 X 10% = 3 x 10?? atoms; and (c) 0.1 mole of sulphur, 
^ 10 atoms: d 
ili 3. It has been established experimentally that 0.1 mole of 
bromide. ] and 0.3 mole of bromine are required to obtain aluminium 
Fror Derive the formula of aluminium bromide. 
alumi om the condition of the problem it will be seen that 0.1 mole of 
three nium reacts with 0.3 mole of bromine, i.e. the quantity of bromine is 
with times that of aluminium. It follows that one aluminium atom reacts 
uM atoms of bromine. The formula of aluminium bromide is therefore 
3 


(a) two moles of sul- 
mole of sulphur, 
0.1 x 6 x 10° = 


hysical notion quantity of substance? 
vei contained in (a) 3 moles, (b) 0.3 


E 


A^ 1. Why do chemists use th 
2. Nus number of Le s 

mole, and (c) 5 moles o! water? 

3. What ioris of phosphorus, and oxygen 


ide P;O;? 
4. To p phosphorus(V) oxide, 0.2 mole of calcium and 0.4 mole of 


4. To prepare calci T e 
chlorine Fere reacted. Derive the formula for calcium chloride. 


6 
2 The Molar Weight 


Amounts of substances taken for reactions 
be practi moles. How can the required number of mo 
actically measured out? To do this it is necessary to € 


are required to 


are measured in 
les of a substance 
xpress the weight 


Substances in grams. Molar weights are used for the purpose cen 
the The molar weight of a substance is the relationship ey 
bs number of grams of a substance and the number of moles 0 

me substance, 

The molar weight is expressed in grams per mole (g/mol): 
Ma 
v 
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6.2 The Molar Weight 


. les. 
. . ; ce in mo 
where m is the weight in grams, and v is the quantity of substan 
For example, 


18g 
iu M 1 
M(H,0) Tool 18 g/mo 
The molar weight of a subs: 
For example, the Same mola 
any weight of water to th 


F; e. 
" ubstane 
tance is constant for each eerie ratio 0 
T Weight of water will be obtained i 


water iS 
© corresponding number of moles of 
calculated: 
M(H,O)- 8 — 98 18g _ 18 g/mol 
2mol 0.5 mol 0.1 mol leculaf 
ec 
The molar weight of any Substance is equal numerically to the p an 
Weight (i.e. to relative atomic and Molecular mass units of ato 
molecules), 
Compare: 
Substance atomic relative molar 
and molecular molecular and weight 
Weight atomic weight | 
H;SO, 98 amu 98 98 g/mo 
P 31 amu 31 31 g/m ol 
Ho 18 amu 18 18 g/m 
Cu 64 amu 64 64 g/mo 


m 
me 
n subst rn 
b ance can be calculated from the form in 
“tance 
by the gnom number of moles, and conversely the quantity of substan 
ample [ OUP from the known weight of pum. t 
E: uw 3 wee quantity of copper(II) oxide taken for the uc t on 
a balance? ight copper(II) oxide Should be measured 
M (Cuo) =80 8/mol; y — 0.5 mol 
m-Mxy -8 &/mol x 
Example 


0.5 mole = 40 [4 


zsa JO 
: ; ne 
"de Water weighing 36 g is given; determ! 

S. 


ance it Contains, 
M(H,0)~ 
= 18 qu ' 
vum B/mol; m= 36 g; 


M5 Y=36g:18 8/mol = 2 moles 
IER — C^ EN 


f 
- Explai om 
elements ^, Why the numerical values of the weights of it molaf 
^ weights? Molecules or Substances coincide with their 
2. What do the following notations 
t amu; A, (Cu) = 64 
3. What do the following 
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mean: 
> M(Cu) = 64 g/mol? les: 
mean: y(S)=2 mo 


6 Quantitgs:; 
u "tative Relationships in Chemistry 


v(H,O) =0.5 mole? iti 
expressed A re How can these quantities of substance be 
s at quantity (in moles) of cop] 
ou © 16 2, (e 8g and (d) 0.8 g? 
: at weights o iron(III) oxide do the following quantiti 

substance in moles correspond: (a) 0.25 mole, (b) prc "i 


Fa mole, (d) 2 moles? 

> E many molecules do 72g and 1.8 g.of water contain? 

UR at number of molecules are contained in 0.5 mole of water? 

ti n 0.5 mole of sulphur be taken instead of 16 g of sulphur for 

$ $ agis Reason your answer. 

4 at pens A a abses required for a reaction was 0.2 mole. 
j eighed out of magnesium. Has h i is 

assignment? Reason your Enswer. i 2 amm 


um oxide is contained in: (a) 


and count the gulps. What quantity of 


Drink a cup of water (200 ml) 
Ip of water contain? 


substance does an average gu 


3 The Molar Volume of Gases. Avogadro’s Law 
Liquid and solid substances taken in quantities of 1 mole 

Volumes, Wh each (Fig. 6.1) occupy comparatively small but different 
Volumes sh en solid or liquid substances are converted into gas their 
Will be ia NE increase. But the volume occupied by one mole of any gas 
In this t same in the same conditions. s 
measured ext-book from now on we shall only deal wit 0 
STP o under standard (normal) temperature and pressure (abbreviated to 
r NTP), which actually are 0°C and atmospheric pressure 760 mm Hg. 


Mol 

a n " 
r volumes of gaseous substances are used in calculations. : 
atio of the gas volume to its quantity in 


T, 
"t foe volume of gas V, is the r j i 
Cubic cae volumes of gases are expressed in litres per mole (I/mol) or 1n 
hé m da per mole (m?/mol. 
temperature a volume is constant for all gases taken under n 
and pressure; it is equal to 224 I/mol. 


iet 

whi , M 
bà is the volume in litres and v is the quantity © 
(or othe one mole of any substance contains the same 
Occupy r entities), but unlike solids oT liquids, one mol 
A same volume under .the same tempera 
Contain UE to Avogadro, equal volumes of gases under 
h n equal number of molecules. , -— 
The T cannot Avogadro's law be exten ed to solid and liquid substances? 
Sisto of solids and liquids are brought in close contact with one 
molecul and their volumes depend largely on the dimensions of the 
mole es. When a substance is in the gaseous state, the distance between its 
cules is relatively large compare with molecules themselves. The 


h volumes of gases 


ormal 


f substance in moles. 
number of molecules 
e of any gas will also 
ture and pressure. 
the same conditions 
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6.3 The Molar Vo 


22.4 litre 


volume occu i by t 


ri 
is thercl? 
er 
s prop! es 
* molecules of gaseous substance: lect 
comparatively small, 
€ volume o gas is thus deter, 
Which is about th, i 


e VOgadro's law. » 
molar Volume of a gas? 
3. Calculat, 


( hy 
itrogen í 
olar volume of (a) 70.719 g/litre) e 0 nt 
Wi litre); (b) methane (at STP; p=0. 
d Wha olume will (a 
T 


5m 
(b) 0 (e) 9 

le of oxy; Fanen A 

g of Oxygen, (d) 0.5g of My doge. 

Of carbon dioxide Occupy at STP? 


ê 


at sTP: 


$f! 

the cule 
under ole’ ad 
S are taken in equal volumes ( oe 

S), they y; i e, ON) ar 
i be illerent, Take, for AN. than eight ° 

OXygen win S many times grea lecular 

Weight or eater than the mo 


en is gr 


ights 
aS theip relative molecular weig 
fi M 


y 
ec 
is relative mor yi 
io is pè i grams Per litre and M, is ri to ano o Wray 
ignated p "aio is the relative den l compared: deett def. 
pe arated Y the letter D een T dencting the gas ralan i 
i en 

A s compared For example, Du, 
Ben, and 

e 


vé 
lati pee 
P . s re eS) 
it 'S the density of a ga n 
Telatiye dens; 


ioxide with 
1ty of carbon dioxide 
6 Suantitativ, 
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hydrogen 


44 
Z =22 
2 


M,(CO,)=44; M,(Hj)-2:; Dn, = 


Conver 
sely, o : 
molecular weld both the density of one gas relative to another, and the 
molecular weight as other gas are known, one can calculate the 
xample 2. e gas. 
the relative Au density of sulphur(IV) oxide relative to air is 32. Calculate 
olecular weight of sulphur(IV) oxide: 


M,(Hj) 22; Dy, 232; M,(SO)-2x 32-64 


In practi 

relative ap One often meets with the determination of the density of gases 
Meaning. pt 5 - Air is a mixture of gases and a ‘molecule of air has no 
Molecular y, I5 only possible to say that air may have a mean relative 
eight, which is 29. In order to calculate the density of a gas 


Telative to aj 
i M the relative molecular weight of this gas should be divided by 
> M.(CO,) = 44, which means 


44 
D4(CO;) = a 1.52 


? 
^ E Calculate the density relative to hydrogen and air of (a) sulphur 
ioxide SO, and (b) water vapour. 4 ' 
2. Calculate the molecular weight and derive the chemical formula 
of (b) phosphorus if Dy, of 


of (a) nitrogen if its Dy, is 14, and 
its vapour is 62. lis 

. The composition of air in volume per cen! 

and argon 1. Calculate (a) quantity of Substance, ir moles, (t 
weight of each gas in one cubic metre of air, (c) weight of one cubic 
he following table: 


metre of air (at STP) and fill in t 
Quat, Weight, g 


Gas 
t (v) 


tis: nitrogen. 78, oxygen 21 


` Formula Molecular Molar Qu 
i weight weigl 
o Ogen P 7 ; 
Xy d ? ? 78 ? ? 
A Ben Ps ? ? H : 
Tgo : 9 3 21 ? ? 
? 9 j ? 9 
T ? ? 1 ? ? 
Otal = a 2 
1 ? ? 


I Formulas 


6.5 Calculations from Chemica 
and Equations 


Prob 

tiale a * chemical formula may denote 

Water wj his substance. The formula H; 

Water i its relative molecular weight © 
18 g/mole and also one mole of water. 
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6.5 Chemical Calculations 


Calculations from Chemical Formulas : — 
Example 1. What weight of iron is contained in 40 g of iron(II) oxide- 
The formula of ferric oxide is Fe;O;. 

M,(Fe;903 22 x 56 +3 x 16 = 112 + 48 = 160 

M (Fe,03) = 160 g/mol 


Since the formula Fe;O, denotes one mole of this substance one can find the 
weight of Fe;O; 


m= 160 g/mol x 1 mol = 160 g 


Let us now calculate the weight of iron contained in the oxide. According to 

the formula, 160 g of ferric oxide contain 112 g of iron. According to the 

condition of the problem 40g of ferric oxide contain xg of iron. 
Make out the proportion: 


160g:112g—40g:x g 
whence 
112g x 40g 
HEN Cam 
(The answer: 40 g of ferric oxide contain 28 g of iron.) 
Example 2. What is the we 


: Nha ight of some sodium hydroxide if all the 
sodium atoms in it together weigh 46 £? Calculate: 


M,(NaOH) = 23 - 16 +1 =40 
M (NaOH) = 40 g/mol 
m(NaOH) = 40 g/mol x 1 mol = 40 g 
According to the formula, 40 i i i o! 
sodium atoms. According to the SM singe eedem ger 


hydroxide contain 46g of sodiu 


TEN 9i 
(The answer: Sodium hydroxide weighs 80 g.) 


Calculations from Chemical Equations 


ow i i ; 
ol Seon hy Fedak much (in grams) of Fe;O, is required to prepare 33.6 € 


t 10n with hydr 7 : 
i. Waite the reaction iu Solve as follows: 
E620. + SH, = Ske 4. an [o 


what is given, what is to be found, or in what units of weight of volume.) 


xg 33.6 g 
Fe;O; + 3H; = 2Fe + 3H;O 


3. Determine the molar weights: 
M (Fe;O3) = 160 g/mol; M (Fe) = 56 g/mol 
and find the weight of the substances 
m(Fe;O4) —160g; m(Fe) = 56 g 


4. According to the reaction equation one mole of ferric oxide reacts to 
give two moles of iron, their weights being 160 g and 112 g, respectively. 
Subscribe the found weights under the formulas of the substances: 


xg 336g 
Fe;O; + 3H; = 2Fe + 3H,0 
160 g 112g 


5. Make out the proportion 
x g:33.6 g=160 g:112 g 


Solve the proportion: 
160 3.6 
PEU UE gy 
112g 
(The answer: 48 g of ferric oxide are required.) 


Example 4. Determine the volume of hydrogen (at standard temperature 
and pressure) required to reduce iron from 46 g of ferric oxide. 


46g x litres 
Fe;O, + 3H; = 2Fe + 3H,0 
1 mole 3 moles 


M (Fe,03) = 160 g/mol; m(Fe;O;) = 160 g/mol x 1 mol = 160g. Vin(H3) = 
= 22.41/mol; V(H2) = 22.41/mol x 3 mol = 67.2 litre 
Subscribe the found weights and volumes under the equation 


46g x litre 
Fe,0; + 3H; = 2Fe + 3H;O 
160 g 67.21 


j 160 g :67.21=46 g: x litre 


67.2 1x 46 g , 
x= — Ig. ^ — 19.32 litres 


(The answer: 19.32 litres of hydrogen (at STP) are required to reduce iron.) 
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are 
1. What weights of (a) calcium, (b) carbon, and (c) oxygen 
contained in 1 kg of calcium carbonate CaCO,? | 1 kg of (a) red 
2. What quantities in moles of iron are contained in g 
e iron ore Fe;O;, and (b) magnetite Fe,O,? hur (IV) oxide 
3. What weight of sulphur (a) does 1 kg of sulp! ON) oxide? 
contain, (b) is required to prepare Akg of sulphur( sd. and (© 
4. What weights of (a) hydrogen chloride, (b) sulphuric i droxide? 
nitric acid are required to neutralize 20 g of sodium ewen 
5. What weight of salt will be produced by the reaction id. (O 
28 g of calcium oxide and (a) sulphuric acid, (b) nitric acid, 
hydrochloric acid? ; be 
e What weight of (a) sulphuric acid, (b) sodium sulphate will b 
obtained from 40 g of sulphur(IV) oxide? : id are 
7. What weights of (a) aluminium, and (b) sulphuric aci 
required to prepare 10 g o hydrogen? d í ; 
8. How ma sakes and grams of each product will be obtained in 
the following chain of chemical conversions: 


Ca > CaO > Ca(OH), — CaCl, 
if the weight of the Starting calcium is 80 g? ill be 
9. What quantity, in grams and moles, of each product wi 
obtained in the following conversions: ide, if the 
copper(II) hydroxide ^ copper (II) oxide — copper (II) chloride, i 
starting weight of copper(II) hydroxide was 10 g? ill be 
10. What quantity, in grams and moles, of each product wi ide 
Obtained in the following conversions: sulphur > sulphur dioxi 
SO, > sulphurous acid 7 calcium sulphite, if the weight of starting 
sulphur is 8 g? WS 
11. What quantity, in grams, of each product will be obtained in the 
following. conversions: iron(II) hydroxide > iron (III) oxide 
~ iron(II) sulphate, if the weight of the starting ferric hydroxide 
was 10 g? 

12. What quantity, in 


grams, of ironi 
what quantities of 


iron and water if 


6.6 Volumetric Ratios of Gases 
Let us learn how to calc lat 
taking the Teactio en 


be olumes of reacting gases 
i is ren Delween hydrogen lorine as an 
example. The equation of this reaction ydrogen and ch 


H, +Cl, = 2HCI 


1 umber of 
According to Avogadro's jaw the s molecules o 


ame number of mol 
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occupy the same volume under the same conditions. It means that volume of 
chlorine reacting with hydrogen is the same as the volume of hydrogen 
reacting with chlorine, while the volume of the resultant hydrogen chloride 
will be two times greater. 

Thus, if gases react with one another, or if a gaseous product is obtained 
in the reaction, their volumetric ratios may be found from the reaction 
equation. The ratios of these volumes will be expressed by coefficients that 
are put before the formulas. Thus the equation of methane combustion 


CH, + 20, = CO, + 2H,0 


indicates that one volume (1 litre) of methane reacts with two volumes (2 
litres) of oxygen to give one volume of carbon dioxide (1 litre). The volume 
of water obtained in the reaction cannot be determined by Avogadro’s law 
since it holds only for gaseous substances. 

The volumes of the reacting and obtained gases are thus proportional to 


the amounts of these substances 


where v, and v; are quantities of substances in moles (they correspond to 
numerical values of the coefficients in the reaction equation). 
Certain calculations can thus be made from reaction equations taking into 
account the coefficients put before the formulas in the reaction equation. 
Example. What volume of oxygen is consumed during combustion of 10 


cubic metres of hydrogen? 


10 m? xm? 
2H, + O, = 2H,0 


It will be seen from the reaction equation that hydrogen and oxygen 
combine in the volumetric ratio of 2:1, hence 
2:1=10 m?:x m? 
x-5m? 
(The answer: The volume of oxygen that reacts with 10 m? of hydrogen 
during burning is 5 m? at STP.) 
? 1. Calculate the volume of oxygen required to oxidize 50 litres of 
carbon(II) oxide. What is the volume of carbon(IV) oxide produced 


in the reaction? —— . . 
^ 2. A mixture of 2 litres of chlorine and 3 litres of hydrogen was 


exploded. Calculate the volume of the hydrogen chloride formed. 
Which gas and in what volume remains unreacted? 


6.6 Volumetric Ratios of Gases 
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3*. One litre of cyanogen burns to combine with 2 litres of oxygen 
and to give | litre of nitrogen and 2 litres of carbon(IV) oxidc. 
Derive the formula of cyanogen. 


6.7 


Heat Effect of Chemical Reactions 


Chemical reactions are accompanied by liberation . s 

absorption of heat. If energy is absorbed during a chemica 
reaction, one should provide for an external source that would give m 
necessary heat for the reaction to occur, and if energy is liberated it shou 
be rationally utilized. 


: x " x ic 
Reactions in which heat Is evolved are called exotherm! 
reactions. 


Reactions within which heat is absorbed are called endothermic 
reactions. 

In some cases reactions are 
utilize heat that is liberated d 


Es be 33.5 kJ. One mole of Carbon weighing 12 g burns to evolve 
402 kJ. Write this value in the right part of the equation describing the 
reaction of coal burning: d 
S = CO g don 
The sign “+” put before the valu i 

Á ore. € expressing t ffect of the 
effect is m eek heat is liberated, If ie er den [Nec es heat 
wiittenias iis "OO reaction of water decomposition will be 


2H20 + 571643 
E = 2 
or H, + Oo, 
20 = 2H, 4 o 


Equations of chemic 
called thermochemical 


2 — 571.6 kJ 
al reacti i " 
equations s in which heat effect Q is indicated are 


* Answers to problems Mark, i 
book (page 225). *d with an asterisk are given at the end of the text 


ii 6 Quantitative Relationships i 
in 


Chemistry 


If we have a certain store of a substance that may react to evolve heat, we 
may say that we have a certain amount of energy in store. This is called 
chemical energy. It is part of the internal energy of substances which does 
not exhibit itself until a chemical reaction begins. Latent energy, contained in 
reactants and liberated from them during a reaction, is transmitted to other 
substances in the form of a certain amount of heat. In some cases, for 
example during an explosion of dynamite, it often converts into mechanical 
energy, and in a voltaic cell and storage batteries it is converted into electric 
current. In all these cases the law of conservation of energy is always 
fulfilled. 

Example 1. Make out a thermochemical equation for a reaction of 
Obtaining water from the simple substances. 

This reaction is reverse of decomposition of water. The parts of the 
equation should therefore change places. Write the heat effect in the right 
part of the new equation and change the ‘minus’ sign for ‘plus’: 


2H, + O, = 2H,O + 5716kJ 


Example 2. What amount of heat will be evolved during burning of 1 kg 


of coal? 
Write a thermochemical equation of the reaction: 


1000 g x kJ 
C +0, = CO, 402kJ 
12g 


Superscribe the values given in the condition of the problem above the 
symbol C (1 kg = 1000 g), x kJ (the sought value) over the heat effect, and 
subscribe the weight of one mole of carbon, i.e. 12 g, under the symbol C. 


Now make out the proportion 
x:402 kJ 21000 g:12g 


h 
AERES x = 335000 kJ 


Example 3. The thermochemical equation of methane burning is 
CH, + 20, = CO, + 2H,0 + 892kJ 


What volume of oxygen (at STP) is spent during burning of methane if 


4187 kJ of heat are liberated during this process? 
Superscribe the value given in the condition of the problem above the heat 


effect of the reaction (4187 kJ) and x litres above the formula of oxygen (the 
sought value), superscribe the volume (in litres of oxygen at STP) which can 
be found from the formula 

V=VmXV; 224 litre/mol x 2 mol = 445 litres 


x litres 4187 kJ 
CH, 4 20; = CO, + 2H,0 + 892 kJ 


44.8 litres 
x litres :44.8 litres = 4187 kJ :892 kJ 
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whence 
x — 210 litres. 


Lc (A MM" 


; ich mercury 
1. The thermochemical equation of the reaction by which 
oxide is formed is 


2Hg + O, = 2HgO + 168kJ 


i f 
W i tion © 
rite the thermochemical equation for the reaci 
decomposition of mercury oxide. 


evolve 
2. What volume of methane (at STP) should be burnt to 
8374 kJ of heat? 


i f 
j tion 0 
3. What amount of heat has been liberated during combustt 
methane if it is known th 


the 
at 16 g of oxygen have been spent in i 
tion? al if it 
4. What volume (at STP) of oxygen has been spent to burn co: 
is known that 2010 kJ of heat have been evolved? | y which 
5. Write a thermochemical equation for the reaction 
quicklime is obtained 


CaCO, = CaO + CO, — 180kJ 


: LAM -- : burning 
The heat required to maintain the reaction is provided PY seed to 
coal in a furnace. What is the minimum amount of coa 

Prepare one ton of quicklime? 


6. Using the equation 
S +0, = SO, + 297 kJ 


ring 
Unt of heat that will be eun M ot eu 
f sulphur, (b during preparation o 
phur dioxide, and (c) o Tie 
ioxide. 


Iphur 
when obtaining | litre (at STP) of sulP 
ioxi 

7. Using the thermochemical equations 

2Cu + O, = 2CcuO + 276 kJ 

3Fe + 20, = Fe,O, + 1118 kJ ion of 
calculate the amount of heat that is liberated (a) during oxidation e 
1 kg of each metal, (b) during formation of i kg of metal 

8. Using the following thermochemical equations 

H: + Ch = 2HCI + 184ky 

H; + Br, = 2HBr + 71 kJ 

Ha +1, = Hi SOkJ 

calculate the amounts of heat t umed if it P 
cnown that: (4) 1 litre (are hat are evolved or cons 

litre (at STP) of h 


Periodic Law 

and Periodic System 
of Chemical Elements 
by D. I. Mendeleev 


First Attempts of Classification of Chemical 
7.1 Elements 


Each science begins with the accumulation of facts. The more 
facts are available, the stronger the necessity arises to classify them. It would 
be difficult to deal with the wealth of the animal and plant kingdom on 
Earth if scientists had not sorted similar animals and plants into their 
natural families. The first attempts to classify factual data usually were a fai- 
lure. For example, animals were first classified by their habitat (water and 
earth) or by their appearance. According to such classification, whales were 
attributed to the class of fishes despite their anatomical structure. 

Zoology studies animals and chemistry deals with types of atoms or 
chemical elements. The world of chemical elements is varied as well. The 
chemical elements total 107 at the present time. What properties of chemical 
elements are used for their classification? 

The first classification of chemical elements was also based on the 
apparent properties of the elements. Thus only metals and nonmetals were 
distinguished. Let us remember their characteristic properties. 

Metals in the free state are characterized by a metallic lustre, they readily 
conduct electricity and heat. Nonmetals conduct electricity or heat poorly, 
nor have they (as a rule) metallic lustre. Metals and nonmetals differ in their 
chemical properties too: hydroxides of typical metals are bases while 
hydroxides of nonmetals are acids. Metals do not form volatile compounds 
with hydrogen while nonmetals do. 

At the same time there is a group of elements that have both metallic and 
nonmetallic properties. Nonmetal iodine, for example, looks very much like 
a metal when it is in the free state. It has some of the physical properties of 
metals and even conducts electricity. Zinc is another element that has both 
metallic and nonmetallic properties. According to the physical properties it is 
a metal, but let us study the chemical properties of its hydroxide. Place 
a suspension of zinc hydroxide in a test tube and add hydrochloric acid. The 
precipitate dissolves because a soluble salt ZnCl, is formed by this reaction. 
Zinc hydroxide behaves like a base in this reaction. Place zinc hydroxide 
precipitate in another test tube and add sodium hydroxide solution. The 
precipitate dissolves. This indicates that zinc hydroxide has reacted with the 
alkali to form a water-soluble compound Na,ZnO,. Compare this formula 
with the formula of zinc hydroxide: you will see that sodium has been substi- 
tuted in zinc hydroxide for hydrogen. But hydroxides which react with alkali 
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s : t 
to exchange their hydrogen for metal are known as acids. This pese 
zinc hydroxide behaves like an acid in its reaction with sodium hy on of 
Its formula can therefore be written Zn(OH); or H;ZnO,. The d 
zinc hydroxide with sodium hydroxide can be expressed as 


H,ZnO, + 2NaOH = Na,ZnO, + 2H,O 


z ; ids 
Zinc hydroxide has thus the properties of a base when it reacts with ac 
and the properties of an acid when it reacts with alkalis. nd acids 
Hydroxides that exhibit the properties of both bases a 
are called amphoteric. Iso have 
Aluminium hydroxide and hydroxides of some other metals a tc also 
amphoteric properties. Oxides of these elements (ZnO and AL,O;) a d the 
amphoteric. They react both with acids and alkalis to form water an 
corresponding salts. ts 
The amphoteric character of the hydroxides and oxides of these Harm 5 
Shows that they occupy an intermediate position between typical s an 
whose hydroxides and oxides exhibit only properties of basic oxides 27 


ties 
bases, and nonmetals whose hydroxides and oxides have only the proper 
of acids and acidic oxides. 


Classification of elements 


: , like 
into metals and nonmetals is thus imperfect ( 
the above-mentioned first 


p :e ig the 
; A nted yourselves with one such family. Tes not 
family of inert gases. Unlike all other nonmetals, inert (noble) gases 


ogen or metals, in other words their valency 
Tespect to these elements is zero. Molecules of the inert gases 
monatomic: He, Ne, Ar, Kr, Xe. 


acquainted with t tural families of 
a s 
elements: one of them inclu wo more n 7 


i A an 
des elements with vivid metallic properties 
properties. 


E 


1. Describe the Properties of i ical nonm 
A Prove ti T of (a) typical metals, (b) typ i 
and ane Sno distinct boundary line between 


3. Describe Physical an 


ses- 
d chemical properties of the noble £* 


etals- 
etals 


y ith 
you become acquainted yon 
unlike those substances tha 


Na, 


Was very much 
id ium. Its chemical symbol is | 


P l. Thi 

and its atomic weight į Th S Was sod 
electric 

sodium, current. 
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One chemical property of sodium you already know: its high reactivity 
toward water. It replaces hydrogen in water to form sodium hydroxide 


2Na + 2H,O = H,t + 2NaOH + Q 


When heated in air sodium melts, and burns with flames to form (among 
other reaction products) sodium oxide Na,O. Sodium oxide is a basic oxide. 
When combined with water it forms the hydroxide NaOH which is soluble 
in water. Its solution in water is alkali. 

Sodium is univalent in all its compounds. 

There are five other metals that resemble sodium. These are lithium Li, 
potassium K, rubidium Rb, cesium Cs, and francium Fr. The simple 
substances of these elements have a low density, they are elastic, light and 
ductile, they easily melt and burn, and all react with water, displacing hy- 
drogen from it. Like sodium, all these metals are univalent. Their compounds 
are therefore similar in structure: 

oxides Li,O Na,O K,O Rb,O Cs,0 


hydroxides LiOH NaOH KOH RbOH CsOH 


All these compounds have similar properties. Like sodium hydroxide, their 
hydroxides are alkalis. The six metals are therefore known as the alkali 
metals. Of all metals, the alkali metals are the most active chemically while 


their hydroxides are the strongest alkalis. . i a 
But the alkali metals also differ in their properties. Their densities, their 


melting and boiling points, and their chemical activities are different. Let us 


Table 7.1 
Physical Properties of the Alkali Metals 
NEA ME d point fc e err 
Lithium Li 6.9 179 1370 0.53 
Sodium Na 23.0 97.8 883 0.97 
Potassium K 39.1 63.6 760 0.85 
Rubidium Rb 85.5 39.0 696 1.52 
Cesium Cs 132.9 28.6 685 1.87 
Table 7.2 
Chemical Properties of the Alkali Metals 
Fone of 
" z ability ‘droxid 
Name and symbol Atomic Burning as Oxidability an d variation 
erties 
Lithium Li 69 Ignites _ z pa LIOH 
Sodium Na 23.0 on heating 2 Fe] 2 NaOH 
Potassium K 39.1 . è $ E KOH 
Rubidium Rb 85.5 Ignites at S $.8|RbOH 
Cesium Cs 132.9 20-25°C CsOH 
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di NaCl 
Na 
solution 


^ * ives 
' ; vence its formula, Cl,. Chlorine x un 
its name from the Greek chloros, light-green, This is a heavy greenis 

with a pungent odour, 


Study the chemical] 
chemical req 


demonstrated in 


known to you as 
In its compounds With Ydrogen and 
As sodium Tepresents the family of 
Tepresentative of 


à the family or the haloge: 
Properties. Apart from chlorine, the hal 


E " i t. 
metals chlorine is always E 
the alkali metals, so mages den 
75, the nonmetals that have simi 


gen group also includes fluorine F, 
132 
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bromine Br, iodine I, and astatine At. The physical property which is 
common to all the halogens is their volatility. The common chemical 
property of the halogens is high activity toward metals and hydrogen. They 
all combine with hydrogen and metals and are always univalent in these 
compounds. The compounds of the different halogens with one and the same 
element are therefore of similar composition: 


HF HCl HBr HI HAt 
NaF NaCl NaBr Nal NaAt 
AIF; AICI AIBr3 All; AIAt, 


These compounds have similar properties. Hydrogen halides (the compounds 
of the halogens with hydrogen) dre volatile and their aqueous solutions are 
acids. Metal halides (the compounds of the halogens with metals) are salts. 
Hence the name halogens which in Greek means giving birth to salts (halos 
salt + genes born). 

Alongside these similarities, the molecules of halogens also have differing 
properties: their state of aggregation under normal conditions, their colour, 
and their chemical activities are all different. The properties of the halogens 
vary regularly with the increasing atomic weight of the element (see 
Table 7.3). 


Table 7.3 
Variation of Properties of the Halogens 
Nam i State of Colour Boiling Density, 
and symbol nr pa aggregation point, gem? 
substance at STP C 
Fluorine F — 190 F; Gas Light-green — 188 1.1 (in 
liquid 
state) 
Chlorine CI 35.5 Cl; Gas Yellowish- — —34 1.57 (in 
green liquid 
state) 
Bromine Br 79.9 Br Liquid Brown-red 59 3.14 
Iodine I 127 b ? Solid Dark-grey 185 4.94 


(crystals) 


vity of the halogens toward hydrogen. The 


Now compare the chemical acti 1 
hydrogen and the halogens decreases with 


heat effect of the reaction between 
Increasing atomic weight: 
H, + F, = 2HF + 251 kJ 
H, + Cl, = 2HC! + 184kJ 
H, + Bn = 2HBr + 71 kJ 
H, + I, = 2HI - 50K) 


of fluorine (the halogen with the 


One mole of hydrogen reacts with one mole : 
m amount of heat, while iodine 


least atomic weight) to evolve the maximu 
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reacts with hydrogen to absorb ener 
sign is reversed for ‘minus’. 

accordingly. Hydrogen iodide, 
decomposes into hydrogen and 
into it. Violet iodine vapour 


gy instead of liberating it, and the = 
Stability of the hydrogen halides sega 
for example, is so unstable that it pary 
iodine when a hot glass rod is eso 
appears as the sign of the veni 
The chemical activity of the halogens toward metals and hydrogen ne 
With increasing atomic weights of the elements. The most active haloge 3 


] eis B ctive 
fluorine. Moreover, it is not only the most active halogen but the most a 
of all nonmetals. 


2 


" " one 

1. By what common Properties are the alkali metals united into 
natural family of chemical elements? . in the free 

A 2. How do (a) Physical properties of the alkali metals in of their 
State, (b) their chemical properties, and (c) solubility he alkali 
hydroxides, change with the increasing atomic weights of t 
metals? nci- 
3. What are the properties of an artificially prepared element un 
um (at. wt. 223), which is also an alkali metal? Will it sink ote the 
in water? What is its Tesponse to water or oxygen? Gynt an 
equation for its reaction with Water.) What are the form 


4. Explain how the Properties of (a) the alkali metals and 
halogens change with the increasing atomic weights O 
elements. (Consult Tables T4, 


à inel Give equations for 
4 emical properties of chlorine. Give equation 
the reactions characteristic of 


à be 
tions for reactions by which zinc chloride can 
prepared by the four method: 


e 
How do the physical Properties of the halogen molecules chang 


8 atomic weights of the elements? 

8. What are the common - 1 
9. How do the che; Properties of the halogens change W 
increasing atomic weight 


3 oii 
halid cal and chemical properties of hydrog' 
12, "Usi (compounds 9f the halogens with hydrogen). 

- Using the following thermochemical equations 


2Na + F, = 2NaF + 1139 kJ 
2Na + Cl, = 2NaCl + 821 kJ 
2Na + Br, = 2NaBr + 720 kJ 
2Na + I, = 2Nal + 569 kJ 


ium, (c) 1 cm? 
Not 


1 
£: to solve the latter Problem, consult Table 7.1 on p. 13 
E Make 18 ca 


Tds as shown in Fi i bol of the 
: E ig. 7.2. Write below the symbol o! 
chemical clement, its atomis Weight, its valency in the higher p 
exits) D that, its valency in the volatile hydride (if such a hydri d 

Sts) Draw. a blne line on cards with metals, a red and a blue line: 
134 


7 TET 
Mendeleev’s Periodic Law and Periodic System 


Na 12 1 | 
23 4 | 
| 1 4 sl 
= 
Fig. 7.2 Cards i "m m EE Quem nec: ve 
Table 7.4 
Element Symbol Atomic Valency in NOE 
Ei higher hydrogen 
oxide compound 
Aluminium Al 27 3 - amphoteric 
hydroxide 
Argon Ar 40 0 ? ? 
Beryllium Be 9 2 — amphoteric 
hydroxide 
Boron B 11 3 — nonmetal 
Carbon C a 4 4 nonmetal 
Chlorine cl 35 ? ? j 
Fluorine F 19 - ? $ 
Helium He 4 0 ? vi 
Hydrogen H ? ? — ? 
Lithium Li 7 ? = 2 
Magnesium Mg 24 2 — ? 
Neon Ne 20 0 2 ? 
Nitrogen N 14 5 3 nonmetal 
Oxygen o ? z ? ? 
Phosphorus P 31 5 3 nonmetal 
Silicon Si 28 4 4 nonmetal 
Sodium Na 2 ? = 2 
Sulphur S 32 6 2 ? 


on cards where the hydroxide is amphoteric, and a red line on cards 
with nonmetals. Use any special symbols you may choose to mark 
the cards with the alkali metals, the halogens, and the noble gases. 
When filling in the cards, consult Table 7.4. Fill in the necessary 
data instead of the question marks. For the next lessons prepare 
another card for beryllium and fill in the atomic weight, followed by 
a question mark, of 13.5 (2), likewise a valency of 3 (?). 


"aoo oos 
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7.3 


Mendeleev's Periodic Law 


Now we are prepared for acquaintance with the v 
discovery in chemistry which comes only second to bs 
atomic-molecular theory. This is the periodic law of Mendeleev. hi 
i i lements led Mendeleev to search for lin x 
different families. He assumed the atomi 


le 
mber assigned to each element in this tab 
is called the atomic number, 
Table 75 
Atomic R Atomic Valency E oid 
Element number Symbol tar g Ore higher Marie hydride 
oxide 
Hydrogen 1 H 1 H a 
Helium 2 He 4 Ey B y 
Lithium 3 Li 7 i " 
Beryllium 4 Be 9 iS 2 ES 
Boron 5 B 11 B20, 3 A. 
Carbon 6 C 12 co, 4 CH, 4 
Nitrogen 7 N 14 N20, 5 NH; 3 
Oxygen 8 [9] 16 =a H;O 2 
Fluorine 9 F 19 = HF 1 
Neon 10. Ne 20 ES dr — 0 
Sodium 11 Na a 
Magnesium 12 Mg > Mei : = 
Aluminium 13 Al » NER 5 = 
Silicon 14 Si 28 Si, 4 SiH, 4 
Phosphorus 15 P 31 Po. S 3 
Sulphur 16 S 32 CER : us 2 
Chlorine 17 CI 35 CI o 7 HCI 1 
Argon 18 Ar 40 = * 0 0 
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(No. 10). Note the changes that occur in the properties of the chemical 
elements with their increasing atomic weight. 

First consider valency. Their valency in higher oxides increases from 1 (in 
lithium) to 5 (in nitrogen), while the valency in their volatile hydrides 
(compounds with hydrogen) decreases from 4 (in carbon) to 0 (in neon), 
because neon is known as the inert element that does not react with 
hydrogen. 

How are metals and nonmetals placed in this little series? It begins with 
an alkali metal, which is representative of the elements with most 
Pronounced metal properties. These properties become less marked in 
beryllium whose hydroxide is amphoteric, and become nonmetallic in boron. 
The other five elements are also nonmetals. Their nonmetallic properties 
gradually increase until they are most pronounced in fluorine, the 
Tepresentative of the halogens. But strengthening of the nonmetallic 
Properties discontinues with fluorine and the last place in the series is 
Occupied by neon, the representative of the inert elements. . 

Consider the elements that come after neon. The eleventh element is 
Sodium. Like lithium it is an alkali metal and its valency is 1. As we pass 
from sodium to magnesium and further to aluminium up to chlorine, the 
Valency of the elements in their higher oxides increases by one unit from 
1 (in sodium) to 7 (in chlorine), while the valency in volatile compounds with 
hydrogen (hydrides) decreases from 4 (in silicon) to 1 (in chlorine), which is 
followed by argon, noble gas, whose valency with respect to hydrogen is 0. 

The metallic character which is most pronounced in sodium decreases in 
Magnesium and even more so in aluminium whose hydroxide is amphoteric. 
Silicon which comes next is a nonmetal. The nonmetallic properties are 
e putent in phosphorus and sulphur and attain their maximum in 
chlorine, the representative of the halogens. — ; > 

Variation of Sonoris in the elements can easily be illustrated by simple 
experiments with compounds containing these elements. E sd 

If we burn a piece of sodium, powdered magnesium, aluminium, silicon, 
phosphorus or sulphur we obtain white powders of the oxides Na,O (and 
Oxides of other composition), MgO, Al;O; , SiO2, P,O;. Sulphur forms two 
Oxides, namely SO,, a gas with a pungent odour, and SO; (in the presence 
Of ferric oxide as a catalyst). The oxides so formed dissolve in water. If we 
test these solutions with litmus paper we shall identify alkali in the first test 
tube (where sodium was burnt), a weak alkali solution In the second test 
tube (burnt magnesium), and acid in the fifth test tube where phosphorus 
Was burnt. The oxides of aluminium and silicon are insoluble in water, but 
ide). Chlorine does not react with 
th the formula Cl,O;, which 


ISsolves in water to give an acid wi 
soon the properties of the elem 
tum to argon change in a simi 
Weights: EE. 
(1) metallic properties weaken; 
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(2) nonmetallic properties strengthen; 
(3) valency increases in higher oxides; ds 
(4) valency decreases in corresponding hydrides (hydrogen compoun 
with nonmetals); . idic 
(5) the properties change from basic, through amphoteric, to aci 3 
We can now conclude that the chemical properties of the elements ats 
regularly with their increasing atomic weights. In other words, the proper! 
recur periodically in subsequent elements. it as 
Mendeleev discovered his periodic law in 1869 and formulated i E 
follows: *The properties of simple substances as well as the forms mid 
properties of compounds of elements vary periodically with the ato 
weight of the elements." — to 
Regularity of changes in the properties of the elements from bru 
argon is especially pronounced if we arrange the two series one beneath 
other: 


Ne 
li B B C N OF MN 
atomic number 3 4 5 6 7 8 9 


Y 
|. Me A os P S OF 
atomic number 11 12 13 14 15 16 17 


Cl, the inert gases Ne and Ar are all arranged © 
beneath the other, ing 
[ . Series of elements arranged in the order of their increase 
atomic numbers, beginning with an alkali metal and ending with an 1 
gas, are called periods, 


If we arrange periods one beneath th 
table of chemi 


ical elements, Which is a gr: 
law (see plate I on page 226). 


; 4 d t 
Let us continue with our discussion of the periodic table. The elemen 


which comes next to argon shoul A l K uld there- 
fore be an alkali metal. is e d begin a new period, and it sho 4 


i ns, 
: A S potassium. expectatio 
the atomic weight of potassi p But contrary to our exp e 


iodic 
e other we shall have the period 


: i dic 
aphic representation of the perto! 


column whe: à e we 
disregard the atomic Weights a; d ne alkali netals stand. Tender 


2 f i ni 
place argon where it belongs, i.e. in t 


* Properties of chemical elements depen 
138 
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t a pon extent on the atomic number than on their atomic weights. How 

E € properties of the elements depend on the atomic number? 
ae rom our physics course we know that atoms consist of a positively 

arged nucleus and negatively charged electrons that rotate around the 
oue The atom on the whole is a neutral entity since the positive charge 

the nucleus is counterbalanced by the negative charge of the electron shell 
o la charge of the electrons rotating round the positively charged 
Ni of the atomic nucleus of each chemical element is equal 
m erically to the atomic number of the element which is assigned to it in 
ii ong table. We assume the charge of one electron to be 1. Hence the 
bras er of electrons that form the electron shell of the atom 1s equal to the 
th mic number of the element. The atom of hydrogen, the first element in 

€ periodic table, consists of the nucleus bearing the positive charge + 1 
im one electron with the charge — 1. The atom of helium, the second 
umet has a dipositive nucleus and two negatively charged electrons, etc. 

he charges of the atomic nuclei of those elements which, like potassium and 
argon, occupy ‘improper’ places in the periodic table, appeared to equal the 
atomic numbers ‘unlawfully’ given in the periodic table. In other words, the 
atomic number of a chemical element is equal numerically to the charge of the 


nucleus of its atom, 
At the present time the periodic law of 


follows: 
] elements change periodically 


Mendeleev is formulated as 


dex The properties of chemical 
Pending on the charge of their atomic nuclei. 

As a rule, atomic weights increase with the charge of the atom nucleus. 
The periodic law was therefore discovered by Mendeleev by considering the 
atomic weights of the elements, the only quantitative characteristic of 


elements that was then known. 


» 
/ . iodic law. g f 
s 2 Den period? How do the properties of chemical elements 

i asing atomic number? 


change within the periods with their incre: T 
3. What is the physical meaning of the atomic number of a chemical 


4 Structure of the Nucleus 
The nucleus is a part of the atom. The question arises whe- 
ther or not the atomic nucleus is actually indivisible? Or can 


i Es further divided into smaller components? e 
i hemical elements with very high atomic numbers are radioactive. They 
ncessantly decompose to emit alpha (o) and beta (B) particles. Beta particles 
are electrons. 
os particles are heavier than electro 
this „means that they can only be emitted £! 
in turn indicates that the atomic nuclei al 


ns, and they are charged positively. 
d by the nuclei of the atoms, and 
so have a complicated struc- 


74 Structure of the Nucleus 439 


d 
i st speed an 
What is this structure? Alpha particles move at ree oM Such 
2a wd of destroying the atomic nuclei with whic 

a 


i new 
i wi i ives birth to 
a bombardment of the atomic nuclei with alpha particles giv 
particles, protons and neutrons. 


A proton is a particle with a 
of the hydrogen atom 
hydrogen atoms. Neut 
they bear no charge. 
Because neutrons are 


hile 
: u, W 
ssium, for example, is 39 am 

its atomic number is 19, The total 


S 
tron: 
number of protons ant aos 
atom is therefore 39. The muber B 
ntain 19 protons. The nu 


assium 15 
9 —19-20. The atomic nucleus of potass! 
and 20 neutrons. 


neutrons will then be 3 
composed of 19 protons 


9 1. What particles compose the atomic nucleus? 
^ 2. Calculate 


osing the 
; the number of Protons and neutrons compos 
nuclei of the atoms ol 


mass © 
f (a) fluorine and (b) radium. Round the 
the atoms to a whole number 


7.5 


Isotopes 


We know that atoms 
last forever, Now we h 
identical in all r 
same weight? 


t 
o no 
can be divided and that i dee an 

ave to decide if the atoms: o have the 
€spects. For example, do they 


iple 
€ atoms of elements should be a a í 
neutron mass, ie. approximately a multiple of un (to 
other words, masses of atoms should be expressed by whole numbers ome 
Fe acontate Close ON Whole numbers). This conclusion holds for ig 
elements. But there are sary Other elements whose relative atomic aaa a 
are expressed by fractional numbers. For example, the atomic weight ‘ 
chlorine is given as 35.45. But actually there i 
nature that weighs 35.45 amu. The element ch] 
of atoms; some of them have the weight the 
found Telative atomic Weight of chlorine 35.45 is only a mean value of 
Weights of chlorine atoms Which i 


T À the 
is determined with due consideration of 
140 
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[ev iod a which the lighter and heavier chlorine atoms are found 
i e contains a greater pro ortion of lighter atoms and ic 
Mos is therefore 35.45. á = E 
R. Um chlorine, most chemical elements are mixtures of atoms with different 
ince 1 but having the same charge of their nuclei. The atoms of one and the 
mt element differing in weight are called isotopes (from Greek isos equal 
P topos place). 

". Det mixture of the two isotopes of chlorine atoms is designated by 
pee —_ symbol Cl. But when we speak about one isotope separately, we 
DT a ae the rounded atomic weight of the isotope in question: 
Pe chlorine, most chemical elements are mixtures of isotopes. Nuclei of 
the pes of each element contain one and the same number of protons but 
ae of neutrons in them is different. For example, the nuclei of the 
i) seg i Cl and ??CI contain 17 protons (the atomic number of chlorine is 
a nd different number of neutrons: the nuclei of 35C] contain 18 neutrons 
e that of ??CI have 20 neutrons. 


I : F 
eo one element predominantly contains 
ent that comes next to it in the periodic system is mostly composed of 


ion isotopes, the situation may arise where the atomic weight of the 
lea with a higher atomic number will be smaller than that of the 
ent with a lower atomic number. This is exactly the case with argon and 
Potassium. 
eie extraordinary similarity of chemic 1 
tonela (despite their different weight) proves the correctness of the earlier 
their m the properties of chemical elements depend mostly on the charge of 
The st nuclei rather than on their atomic weights. | 
deg ormation available on isotopes makes it possible to give a more 
atoms € difinition of a chemical element. A chemical element is a type of 
with a similar charge of its nucleus. 
ical element from the 


e, and (b) a chem 
f atomic structure? 


its heavier isotopes while the 


al properties of isotopes of one 


? 
^ 1. What is: (a) an isotop 
standpoint of the theory o! 
2. What special property of isotopes accounts for the name 
‘isotope’? 
3. Argon consists of three isotopes, viz. *°Ar, NAI and *°Ar. 
Potassium also has three isotopes: 39K, 40K, and *'K. The lightest 
isotope of potassium makes up 93 per cent of the element while 
argon’s heaviest isotope makes up 99 per cent. Which has the greater 
atomic weight, argon or potassium" h 
4. Natural buen consists of !H and 2H isotopes, and oxygen 
consists of 160 and ‘70. Natural water consists of various 
molecules: !'H?H!9O, 1H}°O, etc. Give formulas for other varieties 
lecular weights. What 


of water molecules and calculate their mo! 
molecules prevail in natural water? What water molecules are the 


wer. 
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7.6 


Structure of the Electron Shells 


A n 
dium 4 
rences in the structure of the atoms ul. of these 
Such marked differences in the m heir electron 
to get acquainted with the Structure o 


neon can bring about 


elements, it is necessary 
shells. 


ment (the | 


itte 
: : e wil 
are contained in each layer (their numbers ar 

inside the arches), 


A 2) 
ge of + 1. The nucleus of helium (No. 
the charge of +2 and two el 
electrons of the heli 


and are equally attracte, 
Hydrogen and heli 
periods, it only c i 
not begin with an alkali um atom 
The second period begins with the alkali metal lithium, The lithium © he 
(No. 3) has the same group of two electrons in the close vicinity © tr 
nucleus (as in the helium atom), but there is a third (distinguishing) elec 
which is found farther from the nucleus 
attraction to the Nucleus jg Weaker. T) 
layers, viz. an inner and a: 
and the latter one. In the Tom lithium to beryllium a 
transition from beryllium to boron (No. 5) etc., the charge of the nd 
Increases by one unit, while o Suishing electron is added each tim in 
the electrons in the outer layer, until a full octet cr eight electrons is found | 
aot layer of neon (No, 1 ; the noble gas which completes the seco 


meta], 


e 
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We shall further distinguish between atoms with complete and incomplete 
outer electron layers. If the outer layer contains the maximum possible number 
of electrons it is considered complete and if this number is smaller, the layer is 
incomplete. . 

The element that comes after neon is the alkali metal sodium (No. 11). It 
has the same two layers (one containing two electrons and the other eight 
electrons), as in the neon atom, but there is also an eleventh electron which 
is still more remoted from the nucleus. A third layer thus appears in sodium, 
Which begins the third period in the periodic table. The number of electrons 
In the outer (third) layer increases by one with each new element in this 
Period until the full number of eight is attained. This again occurs in an inert 
gas. This time the noble gas is argon. , . 

Let us summarize. As the charge of the nucleus of the atom increases with 
the atomic number of the element, the structure of the electron shell of the 
Preceding element is preserved and one distinguishing electron only is added. 

is electron is either added to the outer layer or it may begin a new layer. 

he first layer, which is the nearest to the nucleus, can hold only two 
electrons and its occupancy is exhausted in helium, the inert element which 
completes the first period. The second and third layers can be occupied by 
“ight electrons as in neon and argon, the inert elements that complete the 
Second and the third periods. f 

$ electrons are accumulated in the outer layer, the properties of the 
ments change gradually through the period. The addition of a new 
ctron layer accounts for the marked change Se the properties of the 
Ments: a new electron layer begins a new period. . 
One can now easily dodecatidd pes the properties of chemical elements 
Change Periodically (regularly). Let us took again at colour plate I. Look at 
the outer electron layer of the atoms: the number of electrons in it recurs 
Periodically with an increasing charge of the nucleus. The outer layer of the 
Raum atom has the same number of electrons as the outer layer of the 
ithium atom: only one electron. wx 
© number of electrons in the outer layer of magnesium is the same as 

that in the outer layer of beryllium: two electrons, etc. Atoms of the elements 
longing to one family thus have the same number of electrons in their 
Outer layers, for example, the alkali metals have only one electron in their 
Suter layers and the halogens have seven electrons. ne : . 
Properties of chemical elements change periodically with their 
mic number because the number of electrons in the outer 
toms al e regularly. P 
gr En € is ie state of an electron in the atom? The 

sat Contribution to the development of the theory of electron structure of 
est, iom has been made by physicists. Using the periodic law they 
expl 'shed the electron structure of atoms of elements to open the way to 

Panation of their chemical properties. . . 

© state of an electron in the atom can be characterized graphically. 
P electron in the atom moves round the nucleus. The velocity of the 
On is so high that it is impossible to state that the electron may be 


ele 
ele 
ele 


increasing ato 
Ayer of the a 
What is an 
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Fig. 7.3 Electron cloud of a hydrogen 
atom 


on 
The 


of the cloud and its di 

The one and only ele 
to form a spherical clo 
highest Probability of 


mensions. 
ctron of the h 
ud (Fig. 7.3). 
finding the ele 


5 
ucle"' 
ydrogen atom moves about = en (the 
The maximum density of this -8 


10 
ctron) is at a distance of 0.53 x 


: er to 
€ electron is contained. The *^ cloud: 
the smaller the diameter o 


Se 
of the 
ds of other shapes as well. One 

€ctrons fo 


tron moves rou; 


in s! 
f the nucleus, These electrons differ not only ds 
(like s electrons) but also in their position ; 


s guration, size, and position in space. Electron clou ydro" 
thus join only in airs. In the atom of helium, which comes next to 
gen, the clouds of both s electrons 


5 of all other element: 
Consider now Fj 


- 74 Showing the str 
the atoms of the elements 


layer for 
ucture of the outer electron lay! 
lack 


5 ayers 
the second period. The inner p 
r lithium and beryllium). The 


ical 
A erica 
as only one s electron whose cloud is sph 
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Fig. 7, 
in arom ied of outer electron layers 
of the elements of period Il 
e first electron, like in the 


Same ci A 
onfiguration which joins with the cloud of th 
in the figure. 


atom o A 
initum Two-electron clouds are shaded 
ing with boron, p electrons appear in the electron shells of atoms. 
nd a carbon atom has two p electrons. 


eir Vus 
clouds are of the same size but they do not join together because their 
ular one-electron dumb-bells. The 


P electron, that appears in nitrogen, forms another dumb-bell whose 
axes. Three mutually perpendicular 


ins with the cloud of 
-electron cloud, while the 


ed, and an ang 


them 
: The next p electron in the fluorine atom pairs with one of the unpaired 
paired. Finally, all p electrons 


ike 
: bape become paired in neon. . 
Same in i of occupation of the outer oms by electrons is the 
Sieleetron + 1 subsequent periods: js have one unpaired 
ES in their outer layers. The structu. uter layers in all other 
p d is the same as in neon: they comprise two $ electrons and six 
Paired V AIl electrons in the outer layers of th 


It foll 
ange, VS that the structure of outer electron 
ic number. 


Bes iodi 
k Periodically with increasing atom 
oint of the theory of 


A 1. Explain the periodic law from the standp 
atomic structure. 
2. Without consulting the colour plate 1, draw the electron structure 
of the atoms of (a) carbon (No- 6), (b) phosphorus (No. 15), and (c) 
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layers in atoms of elements 


10-5 
d 7.6 Structure of the Electron Shells 


7 7 Periodic System of Chemical Elements. 
s Long and Short Periods 


of 


i ification 
The periodic law underlies the natural classific A 


ic 
Chemical elements, i.e. the periodic system E EN 0 
elements. The graphic representation of this system in the perio 
chemical elements is shown in plate I on page 226. — We have 
Let us consider in detail the periods of the periodic system. e periods: 
studied the structure of electron shells of the atoms in the first RE periods, 
The first period comprises two elements, and the second and distinguishing 
each eight elements. These are short periods, in which one ing atomi 
electron is added to the outer layer of the atom with increas 
number. hells of atoms 
Now examine Table 7.6 and study the structure of electron she O begins 
forming the fourth period. Like the preceding short periods it 2 c electron 
with the alkali metal, potassium (at. No. 19). A new layer with wee come 
appears in potassium. Another electron is added in calcium w. 


ter 
the ou 
next (at. No. 20), If distinguishing electrons were further added LA But the 
layer, the period would end with a halogen and an inert elemen ll known 
eighth box in the fourth period is 


Occupied by iron. This very we 
element is also preceded by metals, dding of 

Beginning with the third element, scandium (at. No. 21), the a d 
electrons to the out 


Pani ons af 
er layer is suspended and the distinguishing electr" umber 
now added to the eight electrons in th 


i i ir n 
e pẹnultimate layer until thei Table 1% 
Structure of Atoms of the Elements in the 4th Period 
M uen Distribution of electrons — Vv 
1 Im 
1 

19 Potassium 2 8 : K 
20 Calcium 2 8 : 2 
21 — Scandium 2 8 a: 2 
22 Titanium 2 8 b a 
23 Vanadium 2 8 i 1 
24 Chromium 2 8 E 2 
25 Manganese 2 8 [We 2 
26 rOn 2 8 e 2 
27 Cobalt 2 8 EE 
28 — Nickel 2 8 — 1 
29 Coppe, 2 8 $ 2 
30 Zinc 2 8 i i 
34 Selenium 2 8 18 7 
35 Bromine 2 8 EE 
36 Krypton 2 8 i 

Italicized are the metals. gue 

The symbols or the elements of the secondary subg" 

are enclosed in a frame. 
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Tea ; " 
come, d During this occupation of the penultimate layer the number of 
But there e outer layer remains two (see Table 7.6). 
capper (at ey exceptions. In the transition from nickel (at. No. 28) to 
together m d 29) one of the outer electrons moves to the penultimate layer 
outer layer m last electron added. Thus one electron only remains in the 
set of 18 E the copper atom while the penultimate layer now has the full 
penultimat i the elements that come after copper the same complete 
number peat a is found, and the outer layer is now filled again until the 
his anes electrons in them is eight in krypton, the inert gas that completes 
— (at. No. 36). 
“en fourth period, unlike the 
gemens i penultimate layer is completed to 1? 
eight ads the group increases to 18. The periods coi g m 1 
metals a TE are called long. Long and short periods both begin with alkali 
transition both end with the inert elements. But 1m short periods the 
and in » from the alkali metal to the inert element 1$ accomplished after six, 
ong periods after a greater number of elements. 


short periods, includes the elements in 
18 electrons, the number of 
ntaining more than 


^ 
Draw electron diagrams of atoms of the elements with atomic 


numbers 33 and 37. 
pene ements in the periodic table are arranged in periods and groups. The 
two ele re designated by the Roman numerals. The first period consists of 
compri ments, viz. hydrogen and helium. The second and the third periods 
elements eight elements each, the fourth and the fifth periods have 18 
Seventh each, and the sixth period, 32 elements. At the present time the 
for the period comprises 18 elements but it is not complete and the search 
ach jede. elements is being continued. — Linc 
higher NER period is subdivided into two families or series B pim e 
series Mis ency of the elements in their oxides, from cud * ese 
ave n e connected by three metals with similar properties whic however 
"Ve no analogues in short periods. These elements of the long periods are 
colour while the others are all arranged one beneath the other in 
long period is 


riods. With this ngement, each element of the c 
5 ane her with the elements of short periods 


-aave the s i For example. the fifth period which 
e i ame higher valency. ^9 : j 
Sas with rubidium an et xenon is divided into two series. The 

i rhodium and palladium, 
Iver. The higher valency of the elements 
i i i es from 1 in rubid- 


increases 


Which h 


m and si 
Silver to Bn ruthentut fn " n even number and the 


© upper seri iod is given a 
series of g period ! 5 
each lon ly contain metals, and nonmetals 
only ); their chemical 


lbs; 

er a 

appear Odd number. Even series 

r ^x 1 
Symbols he end of odd series (i.e. at the end of the period 
Te given in red colour. n MN. 

dim. € structure of the elements in t odd series of long periods is 

eries have eight electrons in 


T d 
rent. he even an 
Only the two first elements in an 


even S 


10% : 
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the penultimate la 
end of the even series 


We have thus 


in the periods. Let us now consid 
columns 


ents 
the 


-adic Table 
7.8 Groups and Subgroups of the Periodic 
Elements united in one 


make up a group of elements, 
The periodic table 


le 
:odic tab! 
vertical column of the periodi 


so exhibit a valency of 2, while fluorine. 


cy 
valen 
&. Osmium and xenon) have à 


its 
. als because 
ide (oe, BIOUD together with the alkali metals b 
valency in the oxide (water) is A 


ds 
tan 
that Sy 
: element lanthanum La (at. No. 57), pi 
between a divalent metal b 


nt m 
A arium Ba (at. No. 56) and a et ee m als 
afnium Hf (at. No, 72) the sixth Period also includes some other 


[2 
eir increasing atomic n element 
A : Ottom of the table. The actinides, the 
following actinium A > are also given separately. the fac! 
he similarity between the lanthanides and actinides depends on © gs 
that the electrons in em are added to the third layer (as one Taye” 
towards the nucleus), while the number of electrons in the two outer 
remains the same. 


Each group is divided 


e 
elements of one 


th 
of 

ups. The chemical mos in the 

he right part of their bo xes: 

jos and ihe ritis of i € Other subgroup ja the left side of their aa of 

ample, group VIT ing] d halogens 

manganese (Mn, Te Re) cludes the subgroup of the ha g 


into two Subgro 
Subgroup are written in ti 


Subgroups Comprising the e 
main Subgroups, while th 
d 


e Secondary sup, 


ads 

rio 
lements of long and short Dents 
Ose comprising only the € 
groups. 
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Th 
tans des the halogens, for example, is the main subgroup and the 
I5-what sub ganese is the secondary of the seventh group. 
oxygen, nitro groups, main or secondary, do the known nonmetals sulphur, 
elon g is den carbon, the inert gases, and the halogens stand? They all 
Secondary a main subgroups of groups IV, V, VI, VII and VII. The 
Below Bes groups contain metals alone. 
elements si group one can find the genera 
gen. The peel to to this group and their volatile compounds with hydro- 
group (irres eral formula of the oxides refers to all elements belonging to this 
Volatile bn of the subgroup to which they may belong) But the 
ydrides on rides may be formed by nonmetals alone. The formulas of the 
Subgroups e therefore written under the symbols of the elements of the main 
In i 
angie Merits of the main subgroup the m 
Stabile. (pd oot decrease with their increa 
increasing ai metallic properties of the alkali me 
g atomic number, while nonmetallic pro 


decre; 
ase. 
<= 
8, and (b) 18 electrons in their 


4 1. What elements have (a) 
penultimate layer? sen iit 
at number of electrons are t ere in 
layers of the atoms of (a) silver (at. No; 47), (b) gold (at. Ng p (c) 
radium (at. No. 88), (d) zinc (at. NO. e) mercury (at. m E (D) 
lead (at. No. 82), (g) tin (at. No. 50) rium (at. No; 2), (i) 
tungsten (at, No. 74), (j) tantalum (at. No. 73), (k) hend (at. 

No. 75) and (l) zirconium (at. ap 40)? In some cases the answer 

can only be presumed. Ex lain why. 

3. What is: e $ peribd, tb) a group, and (c) a subgroup of the 

periodic table? 

4: How can it be explained that boro 

main subgroup of group III but boro 

ium is a metal? 

5. By what distinguis! 

and (b) subgroups? 

6. Write formulas 0 

Which of them is the strom 

Explain your answer. 

7*. The density with respect to hydrogen © 

22. What is the atomic weight of this elemen 


1 formula of higher oxides of the 


etallic character increases and 
sing atomic numbers. For 
tals increase with their 
pertes in the halogens 


minium belong to the 


n and alu le 
metal while alumin- 


n is a non! 


hing traits are the elements placed in (a) groups 
i i i lcium. 
ides of magnesium, zinc, and ca 3 
f hydronia and which is the weakest base? 
f a higher oxide is about 
t? Reason your answer 
t and characterize its 


(using th iodic law). Name the elemen : 
Position abe. ie adis table. Prove that your solution of the 
d is the only possible one- 


problem is correct an 


7.9 Characterizing the Element by Its ET in 
the Periodic Table and Atomic Struc uh 

The position of an element in the periodic table gives much 

example information about its properties. Consider calcium, for 

^ main Its atomic number is 20 and it stands in the fourth long period, in 

"€ ser Subgroup of group II, in the fourth (even-numbered) series. Since 

eries of long cw only contain metals one can conclude that 
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ula 
calcium is a metal. This is an element of the second group X3 kate 
of its oxide is CaO; it does not form volatile compounds with A element 
properties of calcium should resemble those of magnesium, acter, What 
above it but they must be of a more pronounced metallic char: ived from 
information concerning the atomic structure of calcium can be deri 
its position in the periodic table? 
Its atomic number is 2 
calcium atom:is 4-20 
number of el 


^ : " _ In the 
The outer layer is completed in the atoms of the inert elements: 
atoms of helium this layer 


all other inert gases the H letely 
elements, the outer layer of atoms of all other elements is incomP 
Occupied by electrons, 
The inert elem 
Continue comparing th 


electrons is 


the elements fi 
How irst weaken and then change i i 
Mee) ire an p of ite elements in the a Se chat TS 
example, in Li e elements standing in the main Ufor 
number of Te Na, K, Rb, Cs or F, CI, Br, 1) remains ed o jos 
accordingly. Th ron layers grows and the radius of the atom increa 4 
the outer ism] distance from the nucleus of the atom to the Messen ib 
Therefore, the mu and the force of attraction between them weakens. 
loses its outer tla the atomic number of an element, the easier its atom 
subgroups ia electrons: the metallic character of the elements in the m i 
Phenomenon Pipe with the atomic number. We have observed this 
weaken Le subgroup of the alkali metals. 
additional Eh e atom holds its own electrons, the more difficult it gains 
increasing ato rons: the nonmetallic character of elements weakens with the 
observed this kd number of the elements in the main subgroups. We have 
bonded more aie adem in the halogens. In metals the outer electrons are 
accounts for ee while in the atoms of nonmetals more strongly. This 
free state. The at ifferent physical properties of metals and nonmetals in the 
Weak that the — of electrons in the outer layer of metal atoms is so 
them. These w electrons may leave their atoms and move freely between 
for other ah andering electrons account for electric conductivity (and also 
electrons st ysical properties) of metals. Is have all their 
electric deus id attracted. to the nuclei, re absent, and 
We shall e nia is therefore absent as well. 
Chemical pr urther find out that not only general physical but also general 
namely P ai tuo of metals and nonmetals depend on the same factor, 
2 strength of attraction of the outer electrons to the nuclei of 


Typical nonmeta 
free electrons a 


atoms, 
n 
4 1. The atoms of which elements have their outer layers fully 
Occupied by the electrons? How many electrons do these outer 
layers contain? 
should be added to the outer electron layers 
lete them? 


2. How many electrons d 
Iphur, and nitrogen atoms to comple 
and electrons 1n the outer 


of hydrogen, oxygen, SU 
3. What is the number of electron layers 
layer of the atoms of elements which , lowing atomic 
numbers: 55, 53, 84, 88 33, 36? Name cach of these elements. 
4. Describe the properti anese, nitrogen, 
radon by their position in the periodic table. Spect; 
number of the period; number of the group; main, or secondary 
subgroup; metal or nonmetal; formula of a higher oxide; formula of 
a volatile hydride, if any; f the nucleus, an 
electrons; the number of electron. layers atom shell; the 
number of electrons in the outer layer: whether 9! 
layer is completed. 1 
5. Determine the number of group and series (eve 
ent, and decide if it tal or a nonmetal from the 

he outer layer cont 

; (b) the outer layer 


a given elem: 
following of its properties: (a) t 
and the penultimate layer contains 18 electrons; 
lectrons and the penultimate 18 electrons: (c) the outer 
te 14 electrons: (d) the outer layer 


contains 4 el 
layer contains 
contains | an 


2 and the penultima 
d the penultimate 16 electrons. 
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M e E EE E 


i e second period of 
uds table. feiss Ad ‘of beryllium i 55 at was io ghi 
doe ed and the len of berum is not did 
p EE sutton. —— make up tt 
ed epe EL from "Show the discrepancies in E 
cron os im b Lt es such a rearrangement. 


soit) 
rring 
ithout refe 
the proper place for a missing element be found wi 
the atomic number: 


s of the elements in the cards? 
TET ne sca ám 
7.10 


unchanged for ever, 
usly and turn into o nemica, 

t f j 
ions are called nuclear reactions. Th y 


tted 
that 


ions 
nvers! 
Ow to perform hundreds of such co f 
that have not p, i 


re 
i ers a 
ments whose. fen. pee. in the 
nt which formerly occupied the las 


bee 
nuclei of helium atoms which EY Ini £ 
mendous velocities so that the mutual repulsion of the aele of the 
e overcome, As € helium nuclei With their charge of + met with the n 
E 99, they fused With them to prod 
= e ne i 


s W nuclei attracted the missin 
of a new element 


oEs + 2He 


(the charges of the 
Periodic Jaw js a kin 
as it served as 


= 101Md 


he 
i ol). T 
the left side of the cnet yma just 
q of instruction Manual on how to create artificial e 
Iscovered before 


t bec 
new natural elements that ka mot. new 
Mendeleey formulated his law. The Americans, who create 
element No. «> Bave it the Name of mendele 
Scientist Dmitry Mende! 
elements, not 


a ssian 
vium in the honour of the great REE pi 
leev who Worked out the system by which the prop 
yet discovered, can nevertheless be predicted. N is to place 
ne of the methods for Producing elements that do not occur in nature E E 
substances in à nuclear Teactor where neutrons are continually emitted. i ami 
stable natural Isotopes Capture Neutrons to increase their atomic weights by 
152 
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an i i i i 

d convert into radioactive isotopes of the same element, for example, 
" $9Fe + dn = XFe 

(the letter n stands for neutron). 


whi 3; bise 
bug these organic compounds have turned radioactive, tl 
sions: through which intermediate compounds, and in what sequence carbon 

nt of starch. 


71 Importance of the Periodic Law 
grounded theory is not only to 


The role of any scientifically 
lso (and more importantly) to 


enabl _ explain the known facts but a 
be e new information to be predicted. c 
el hen Mendeleev worked developing the periodic law he had only 63 
elements at his disposal and the atomic weights of many of them were 
incorrectly determined. For example, the atomic weight of beryllium was 
Considered to be 13.5 instead of 9; moreover, beryllium was considered to be 
à tervalent metal. If the atomic weight of 13.5 were correct, beryllium should 
come between carbon (at. wt. 12) and nitrogen (at. wt. 14). The regular 
character of changes in the properties of elements would then be broken 
because the metal beryllium would be placed between two nonmetals, carbon 
and nitrogen, and a tervalent boron would then come after a univalent 
element, lithium. From these considerations Mendeleev concluded that the 
atomic weight of beryllium should be intermediate between the atomic 
Weights of lithium (7) and boron (11), i.e. about 9, while the valency of 
beryllium should be 2 rather than 3. Later studies showed that the atomic 
Weight of beryllium is indeed 9 and its valency actually is 2. 
Using the same method Mendeleev corrected atomic weights of some 
Other elements which otherwise were ‘out-of-place’ in his periodic table. 
When making out his periodic table Mendeleev left many empty boxes 
ecause the elements possessing the predictable weights and properties had 
then not yet been discovered. Mendeleev concluded that such elements must 
exist in nature but they were simply unknown fo man. The properties of 
these hypothetical elements which, according to Mendeleev, should be 
intermediate between the properties of the four neighbouring elements, 1. 
the elements that stand to the left and to the right of an unknown element in 
the period, and above and under this element in the subgroup. Thus 
endeleev gave a detailed description of the propertie: 


s of three elements 
Which were not known at that time. 


nd he gave them the names of 
ekaboron, ekaaluminium and ekasilicon- Within 15 years after Mendeleev's 


ce of the Periodic Law 153 


7.11 Importan' 


; show the 
prediction these three elements were discovered. In idi ry to 
accuracy of Mendeleev's prediction consider Table 77 4 = asilicon with the 
remember it by heart) which compares the Properties E. ther research 
properties of germanium which was later discovered y ; tomic structure 

Now that we have become acquainted with the theory o rs achievement 
it is easier to understand the great importance of the scientifi 
of Mendeleev who discovered the 
era in the develo e 
geochemistry, and space chemist: 
tlie discovery 


i as 
i on Wi 
» or chemical reacti i 


© not exist i 
d predicted properties, 


Table 77 

Properties of ekasilicon as Properties of germanium, established 
Predicted theoretically by Mendeleev experimentally pen 
Atomic weight, 72 Atomic weight, 72.6 
Grey high-melting metal Grey high-melting metal 535 
Density, relative to water, 5.5 Density, relative to vaun of its 

tained reduction of its Obtained by reduction 

Oxide with hydrogen 


oxide, EsO, 
i lative to water, 4.7 
C 4 
y relativ T, 
7» Poling point about 90°C 


oxide with hydrogen 
Formula of the oxide, GeO2 41 
Oxide density relative to ba ae 
The chloride GeCl, is a 1887: 
density relative to water, l. 
boiling point, 86°C 


has opened thi 
and their nuclei. The 5 
of nuclear energy, 
Separate facts or groups of facts b 
discovery of the Periodic law and 


ike other g 


154 


by the periodic law. oms 
am Ge study of the structure pee, 
Practical result of these studies has been the a ei 
i Teat discoveries that explained DS the 
ut the entire scope of the ponit 
Periodic system of elements was 


7 Mendeleev’s Periodic Law and Periodic System 


M ems by the outstanding thinkers of the world. Friedrich Engels considered 
endeleev's discovery a great scientific triumph. 


a In order to verify the correction made by Mendeleev to the atomic 
weight of one metal, the density of vapour of its chloride relative to 
hydrogen was determined. This proved to be about 40. The metal is 
not univalent. What is the atomic weight of this metal? Name it. 
Check your answer by consulting the periodic table of chemical 


elements. 


a eae EEE Eee 


7.12 The Life and Work of Mendeleev 

ndeleev was born in 1834 into the 
"M family of gymnasium (grammer school) director at Tobol 

(Siberia). After gymnasium he studied at the Central Pedagogical Institute in 

St. Petersburg (Leningrad) where he showed an interest in chemistry and did 

his first scientific research, and this determined the pattern of his later life. 


He graduated from the Institute and was awarded a gold medal. After two 
lecturer at the Petersburg 


years of teaching in a school he was appointed 

University. An important event in his life was his journey to Western Europe 
Where he took part in the historical World Congress of chemists at 
Karlsruhe. Dalton had suggested an erroneous idea of how atomic weights of 
Chemical elements might be determined. This created irreconcilable 
contradictions between chemists and some of them even denied the existence 


of atoms. The congress at Karlsruhe gathered to resolve these contradictions 
f the atomic theory were defeated: 


and disagreements. The opponents o j Å 
indisputable and self-evident methods for determining atomic weights of 
elements were worked out and adopted. 

Soon Mendeleev undertook research in the field of solutions, namely, he 
studied the combination of alcohol with water. From then on Mendeleev 
worked to develop the theory of solutions that would explain dissolution by 
the formation of unstable compounds of the solute with the solvent. He 
became world famous after the discovery of the periodic law in 1869. True, 


he had already taken the first steps in this direction when he was still 
n of atomic weights of chemical 


a student. The method of determinatio j à 
elements adopted at Karlsruhe gave Mendeleev the necessary material for his 
generalizations, although atomic weights of some elements still remained 
Incorrect, 
Theory and practice were usefully connecte! 
e field of his interests was very wide. He ma 


pe theory and practice of accurate measur 
aviation, physics, and chemical technology. Much effort was spent by 


endeleev in arguing for a rational utilization of Russia's natural wealth and 
9n propaganda for the rational location of industrial enterprises within the 
country. His pedagogical activities were also important. He himself called his 
Pedagogical work another service to the motherland. The final aim of science 
Was regarded by Mendeleev as being scientific prediction and the practical 


Dmitry Ivanovich Me 


d in all Mendeleev's research. 
de important contributions to 
ements, and to a theory of 
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Dmitrii Ivanovich MENDELEEV 
(1834-1907) 


utilizati " me one 
lization of advances in science. He regarded a contribution to the 
s economic and political 


He of his own motherland and to its e 

Bai ence as being the object of his own scientific work. : 

of ts ng an ardent patriot, Mendeleev had many enemies among the officials 

lem Russia and this prevented his election to the Academy in St. 

ation urg, though he was an active member of academies of sciences of 
ae all other countries of the world. 

of ene the student revolts of the 90s of the last century he took the part 

te Students for which he was rudely reprimanded and forced to retire 
m the university. r 

tap aendeleev died in 1907. A huge crowd attended the funeral. The periodic 

tech „Of chemical elements was carried in front of it. The scientific and 

nical ideas of Mendeleev have since been developed and put to practical 
use in many works of scientists in the Soviet Union and other countries. 
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8.1 


Covalent Bond 


; the 
; i its by © 
The planets of the Solar system are held in pon piii. H 
forces described in the law of gravitation. d now hav 
a drop of water are held together by the intermolecular fee ee and how 
lo answer the question, what forces hold atoms in mo 


es 
bstanc 
em. Consider first the structure of su 
Whose molecules consist of similar atoms, 


molecules, C. 
with one ano. 
With electrons. 


According to the e] 


ectron theory, the 
layers that 


are found in th 


. ical 
g identi! 
to better understand the essence of bonding Mewen iene 
ol oxygen, hydrogen, or chlorine into their diatomic molecule: 
2), let us first consider the formation of a hydrogen 
en atom consi 


1 anc 
us with the positive charge £n nucle! 
harged electron, When two hydrogen atoms meet, t ds thus 
of both attract the electron cloug Of the other atom. The electron eon ping 
overlap (Fig, 8.1) and t * negative Charge in the zone of over! "d a 
becomes more condensed, is compensates for the mutual repulsion eac 
arises between the two nuclei bearing the Same charge. The electron © 
separate hydrogen atom is now sha; 
pair is said to be shar 


Jectron 
red by the nuclei of both. The ele 
Let us designate the .) 


onding 
electrons in the outer layer by the corresp 
number of dots as Shown below: 


hydrogen Carbon oxygen fluorine 
atom atom ae SH 
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(OC 


Fig. 81 F, 

| Formation of a h 

cul of a hyd le- 
le from hydrogen iem rogen mole 


Th , 
€ formation of a hydrogen molecule from two hydrogen atoms may 


then be shown as: 

"Pw H- cH > HH 
electro, electrons, from each of the two hydrogen 
symb n pair which is shown in our diagram by two dots place 

ols of the atoms. 
The bonding of atoms by electron pairs is called covalent 


atoms, have formed an 
d between the 


bonding, 
eu a two identical atoms are bonded with one another, the shared pairs 
example ons complete the outer layers of both atoms. Consider another 
chlorine the formation of a chlorine molecule. The outer layer of the 
join the atom contains 7 electrons. One of them is unpai 
each of anpa ios electron of the other chlorine atom. í ol 
double d e two chlorine atoms, become shared, i.e. they parue a es 
mole uty: they complete the octets 1n two chlorine atoms 1n the cl 
cule. In other words, they form à covalent bond: 
icd: eie: 
covalent bonding ensures completion of the outer electron layer yeich TE 
Em ee stable. But only six out of the eight el the octet eye] 
be etely to one of the atoms while the remaining two electrons are 
elsatron them. Both atoms in a molecule of nitroge! 
elect n pairs (:N::N:) Each of the three electron P 
God from each of the two nitrogen atoms. sos 
b ovalent bonding, however, occurs ween identical atoms but 
Rigid different atoms as well. Hydrogen halide and water noise = 
ave covalent bonds. When a chlorine atom approaches Uf am, beet 


Ben, the clo i cde 
^ uds lectrons overlap o 1o a 
of unpaired ele pens in the case of formation of the 


densit : 
y of the negative charge as hap) J 
hydrogen molecule H5. One covalent bond is formed: 


pan 
npaired el 
valent bo 
(onto: 

" H 


d gii: 
ectrons. When oxygen combines with 


TI 
he oxygen atom has two U 
nds are formed: 


tw 
o hydrogen atoms. two CO 
2H: + 
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O © 


oxygen atom 


hydrogen atoms 


water molecule 


ical 
, chemic 
à water molecule volved in the formation of 
from atoms of hydro; 


meeen and oxygen. bonds are only shown 
unpaired electrons in- 


[2 
f the 


Electron-dot formulas 
* A H 
HQ: gii H:Ñ:H — HiC:H 
H H 
Structural formulas 
H 
[ns at a a 
| 


H in 
The electron-dot and struct oe uence 
ural form the seq 
which the atoms are arranged į ormulas vividly show 


rmula 
sed in a given molecule. The structural form the 
d h 
water, for example, shows that the hydrogen atoms are connected Wit 
oxygen atom but are not Co. 


Bnected with each other. 


wing 
= ectron-dot and structural formulas of the follo 
molecules: H., FO H 


» HF, N, H,S. 
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A^ 
2. Unlike the mol 
ecules of all oth 
noble gases are monatomic. Explain why. tale jiheasauleculestor tie 


— <1 Aon etientansienninsaniiinadmenenel 


8.2 
Pisctromeguihriy 
e character of chemi 
emical bo 

Chemical p the atoms, ie. on thei diam ger SE See 
electron, ond accounts largel f WF structure iud ee 

beanie oh y for the property of atoms known as 

ilit 

I$ called Esel atoms to attract electrons that bond 
Breater j onegativity. The stronger this electron 

; us. Electroneganyily 
US see if it i 1 
Eon its ee possible to determine the electr 
ia Own outer in the periodic. table. The more strong 

ronegativi ind these of other atoms, the greate) as 4 
electrons. d of a chemical element. We already know na removal rd 
extraneous ^ the atoms becomes more difficult and the capture of 
Dumbers E M becomes easier in periods with increasing atomic 
ecreasing at e elements. The same holds for the main subgroups with 
9f elements POAC. number of the elements. This means that electronegativity 
increases in the periods from left to right and in the main sub- 


Broups fi 
Ti , r 4 
om bottom to top. Fluorine 1s therefore the most electronegative 
ner of the periodic table (the 


elemen ; 
Inert ake png ne the upper right-hand cor ble. 
Ower or to i disregarded) and the position of any other nonmetal is either 
uring reacti e left of fluorine, or both lower. and to the left. This 1s why 
igh atomi ions of fluorine with any other element (the noble gases with 
thos; ic numbers included) the fluorine atoms attract the electrons ©! 

: elements. 

Oxygen stands before fluorine (left of it) and in al 
of other a 


With fluori 
H uo A " 
it. rine itself, it attracts the electrons 


them with other atoms 
-attracting power, the 


except 


1 its compounds, 
with 


toms that combine 


h attract and repel 


orine) can bot 
element with which 


The 
atoms of nonmetals (except flu 
the particular 


ectro 

ey ns of other atoms depending on 
s combining. 

elements below are arranged in th 


electr 
Onegativit 
y 
one another the electrons 


à Si, As, H, P, Se, I 
hi i A r 
en different chemical elements combine with 0 

the other which stands to the right of 


are di 
is 
placed from one element towaf 


el 


e order of their increasing 


. C, S, Br CI N, OF 


this 
8 element in this series. 
3 Polar and Nonpolar Bonds 
In simple substances consisting of identical atoms a pair of 
electrons is equally shared since both atoms equally attract 
Jent bonding 1S called nonpolar. If however 


the 
electrons. This type of cova 
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11-230 8.3 Polar and N 


E 


n aria ann Pe C 
Fig. $4 Model of a hydrogen PP 
molecule 


1 a 
IS 
es and water the electron pal 


t 
nt bonds do you know? yale”, 
ween polar and nonp lar Cac s 
ame sub A r to both types of govak covale” 
bonds ee stances in which only polar and only nonp 

*. Look at 


7 
" i b 
f Fig. 8.4 and draw an electron-dot and SAR Rr 
i Barri of hydrogen peroxide. Calculate t m, an «i 

ontained j E o yp 
umber d ES nisl the outer layer of the oxyg 


onds. bonds in this molecule. Define the 


8.4 lonic Bong 


| 
ca 
In order to Understand better the character of e here 
bonds in compounds of elements with pronounced differ win 
in their electronegativities, compare the structure of atoms of the follo 
three elements of the third perigg (see Table 8.1). 
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Table 8.1 


Nucleus Distribution of 
charge electrons within layers 
Element hemical properties 
1 I i 
Fluorine F +9 2 7 - Halogen. Combines 
with almost all 
elements. The most 
active nonmetal 
Neon Ne +10 2 8 - Inert gas. Does not 
form chemical com- 
pounds 
Sodium Na +11 2 8 1 Alkali metal. Energeti- 
cally combines only with 


nonmetals 


, The „chemical properties of the elements change markedly with their 
increasing atomic number in the transition from F to Ne and from Ne to 


a. In the former case this is probably due to completion of the outer 
e to the appearance of a new layer 


electron layer (in Ne) and in the latter, du c w laye 
(in Na). When the outer layer becomes completed the chemical activity is 
lost, and when a new layer is begun chemical activity is restored but its 
Character changes: fluorine most energetically combines with metals while 
Sodium, with nonmetals. 

The outer layer in the atoms of typical nonmetals (halogens, nonmetals of 
the main subgroup of the 6th group) is incomplete but nears completion: 
Only one electron is missing to complete the full octet in the halogens, and 
only two electrons are needed to complete the outer layers in the elements of 
the oxygen subgroup. The atoms of these elements can therefore capture 
electrons from other atoms to complete their own outer layers. ; 

Table 8.2 gives electron configurations of the atoms of chlorine and its 
nearest element, the inert gas argon. Only one electron 1s required to be 
added to the outer layer of chlorine in order to complete it. Suppose the 
chlorine atom captures the missing electron from outside. Into what will the 


chlorine atom change? Its electron shell contains now the same number of 
Table 8.2 


Distribution of electrons 


Nucleus I 
Particle pee in layers ie 
1 1 m 
Chlorine atom Cl ns n 2 : 1 
Chloride ion Cl + 
8 2 8 8 
Argon atom Art +1 2 
Sodium ion Na* td 2 8 0 
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84 Ionic Bond 
Hu 


; m 
electrons as is contained in the electron shell of argon; but the chlorine ro 
will not turn into the atom of argon because the charge of the "E. 
remains + 17 whereas in argon it is + 18. Before the chlorine peel the 
a new electron it remains neutral, i.e. uncharged, because the 17 ada 
positively charged nucleus are counterbalanced by the 17 negatively c into 
electrons. When the chlorine atom captures one electron it turns 


a negatively charged particle known as the chloride ion. 
The outer layer is far fro 


ers 
m completion in typical metals: the aa ayr 
of the alkali metals have only one electron and metals of the second 8 


their 
two electrons. The outer electrons of metals are easy to remove from 
atoms and metals thus convert into iti 


s : ich the 

positively charged particles in vile ae 
positive charge of the nucleus is not counterbalanced by the rem 
electrons. 


Substances fo, 
Metal oxides and coe 


" by ions are called ionic compo paides) 
;.- Compounds of metals with the halogens (me on 
T. Mead of Ionic compounds, The Properties of metals thus depend. of 
notin i D they lose their outer electrons and the a re theif 
ouis Bee te facility with which they gain electrons to comp 

Tenet ny I nee 


cal 
d a)c 
activity of Ms 


; hemi 
Sica inertness of the noble gases, (b) € and 
el 1 


Is, e 
ies of metals cni 
(d) chemi ements, (c) chemical properties ure o! 
^ atom? Sêl Properties of nonmetals, depend on the struct theif 
2 " d Ur. 
ACT the metallic Properties of elements decrease en theif 
increasin ic characters increase across the periods poem sub 
groups vit omic number and do likewise across the m ct 
3. Unlike mocereasing atomic numbers? ot cond" 
clectricity, Why?” Crystals of ionic compounds do n 
What is an ion; cr 
tonic bond? tru) 
- Compare the K " ith the 5 
ture of the ato, Tr the Mg?* and F- ions with atf? 
a lee tip remove one Proton from the nucleus of argon, giv’ 
to such a modii" Shell unchanged. What name shall we ® 
MÀ argon atom? 
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Oxidation Number (State) 


If we compare the electron formulas of a 
lar 

will be seen Ne HCl and an ionic compound NaCl eg ga 
io iome:com compounds with polar covalent bonds are formed similarl 
theexpense ien in both cases the outer electron layer is completed M 
But in Mone e sotan that are gained from the atoms of the other element 
one élément ees with polar bonds the electrons are only displaced toward 
element. Th ile in ionic compounds they are completely captured by this 

. The polar bond is thus intermediate between the nonpolar and 


Ionic. 
There i. — 

only ^ 2 Mua me boundary line between polar and ionic bonds. And it is 

displaced ‘thi to say that an atom, from which the electrons are 

not ionic) aa its electrons (although the bond may be polar covalent and 

them. The ch that the other atom, which attracts these electrons, ‘gains’ 

charge of m arge of the ion in an ionic compound and the conventional 
e atom in a polar covalent compound is called the oxidation 


num i 
ma fospinm state). 
oxidatii 
or completely di number of an element expresses the number of electrons partly 
atom loses y isplaced from one atom toward the other in a compound. If an 
electrons it its electrons its oxidation number is positive and if it gains 
its oxidation number is negative, just like with ions in ionic 


compo S 
pounds. Sodium and hydrogen, for example. have positive oxidation 
s and water, which are 1+, while 


States į : 
the halo sodium chloride, hydrogen halide: 
2 SEEN (chlorine) and oxygen have negative oxidation numbers of 1- 
describin respectively. The sign “+” « .r is placed after the figure 
ds ag its charge, for example, AP", sg, Cl, Na*. 
Zero. xidation number of atoms in the molecules of simple substances is 
Ww mn 
off ie pe formulas of compounds the 
ish ta: would usually be written first. 
element fol is simple: first comes the name of t 
element. ollowed by the stem of the nam 
Mp the appropriate suffix: Na!^CI- is c 
Liust is called sodium hydride, etc. 
compou earn how to determine oxidation numbers of elements an 
l. Fi nds from their formulas. Take AgS as an example. 
1. First decide which of the two elements has gained electrons. In our case 


this j 
2. n Sulphur because its chemical symbol c j 
etermine the number of electrons gained by the sulphur atom. Sul- 


Phu : g : 
T stands in the sixth group and its outer layer is therefore occupied by six 
issing to complete the octet. This means that 


elect: 
Sulphur, Two electrons are missi com t 
3. Th gains two electrons and its oxidation number is 2—. 
Silver fo same number of electrons was given off by silver. The number of 
òst on ms in the molecule is two, and this means that each silver atom has 
e electron. The oxidation number of silver in this compound is | +. 


ment that gives 


The naming of binary 
he least electronegative 
negative 


alled sodium chloride, 


symbol of the elei 


id to name 


8.5 Oxidation Number (State) w 


Superscribe the found oxi 
the elements: Agi*S?-, 

4. Now let us give the na 
mentioned: 


; of 
dation numbers above the chemical symbols 
; ence 
me to this compound according to the sequ 


(name of the metal) 


(stem of nonmetal) (suffix) 
silver 


sulph ide 
which gives ‘silyer sulphide’, 


ts is 
Now we can understand why the oxidation number of many age © i 
variable. Sulphur, for example, has the oxidation number 2— struc- 
compound with hydrogen HS and 6 + in its higher oxide SO;. The 


ture of the sulphur atom is 


I gH rm 


the oxide is 64. " Jectron* 
n give off only part of their outer burns i 
i l i445 are lower, Sulphur, for example, ber § 
ZI to give the oxide S**O2-"in whith its oxidation pewit 
give off Only four out of the six outer elec f 
depending os ets same element may exhibit this or that oxidation Beo 
-8 on whether it BlV6S off or gains electrons. The number of p* a 

gain is equal to the number of electrons 

to complete the wet layer, but the number of electrons tha 


ns 
l i its electro 
Or only a part of them. Whee Varies — the outer layer may lose all its € ds 


i / depen 
e er an atom gives off ins electrons C€E i; 
on the gives off or ga: i 
1 Ed Position of the com ining elements in the series of electronegatiV e 
elements which stand to the | 
elements 


eft will al 


i ir electrons tO 
that stand to the Tight of dim give off their 
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y series and the atomic structure, one 
we did from the given valencies of 
hat the donating atom (the atom 
ectrons from the outer layer. In 
lency. Formulas are derived in 
derivation of a formula for 


Nes use of the electronegativit 
M eM formulas of compounds just as 
vo en The prerequisite condition is t 
E m gives off its electrons) loses all its el 
ee words, it should exhibit its higher val 

€ steps. Consider an example of the 


a compound of nitrogen with silicon. 

"S s the symbols of the elements in the order in which they stand in 

Mime onegativity series. In our case this order is SiN, i.e. first comes the 
"y: giving off its electrons. 

M nerd we know the structure of the atoms, we can superscribe the 

ran numbers: Si* N?- (silicon atoms give off all electrons from their 

: ayers, and the nitrogen atoms accept that number of electrons which 


s 1 o to complete their outer layers). 
con; ubscribe figures indicating the number of atoms of each element in the 
a Sif*N3-. This is the formula of silicon nitride. - . 
ence elements standing in the secondary subgroups 1n which the 
sub timate layers of their atoms are filled, like the elements of the main 
iment exhibit their higher oxidation numbers which are equal 
Shl erically to the number of the group, though their outer layers contain 
ed two electrons. This is explained by the fact that in addition to the 
e rons of the outer layer, electrons of the penultimate layer (if their 
mber exceeds eight) may also act as valency electrons. Take manganese, 


for example (at. No. 25): 


p H n I 
rie 
(3) 2 88:52 
Lab foo} 
—— 
valency 
electrons 


n be found in the formation of all types 


? 

i 1. What common features ca 

^ of chemical bonds? inde nnt 
1 es of covalent bonding oy 1 
ns pag covalent and ionic bonds have in common and 

differ? t 

how g8 AEA are characterized y ito a of only 
f and polar covalen onds? 
Sook ee uen Gin electron-dot and structural formulas 
of the molecule of hydrogen peroxide. Calculate the number of 
electrons that are involved in the formation of bonds between the 
atoms. i 
6. Derive formulas for the follo 
carbide (compound of aluminium 
(compound of carbon with nitrogen. 


wing compounds: (a) aluminium 
and carbon), (b) carbon nitride 
), (c) iodine fluoride, and (dj a 
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sq the 
n 
i š ivi ff its electrons ! 
higher oxide of chlorine. The element giving o. : j 
Hove compounds exhibits its higher oxidation pon of calcium 
7*. Derive the formulas of: (a) a nonvolatile a oxide of xenon: 
with hydrogen (calcium hydride), and (b) the hig E derive the for 
8. Consult the electronegativity series (page 70) a. 


; hird peri? 
mulas of compounds of all elements that stand in the t 
with hydrogen. 


9. The structural formula of sulphuric acid is 

H—O.. 2 
x H 

H—0^4 ^? T acid, 

Determine the oxidation number of each elemeit, the follow! 

10. Superscribe oxidation numbers in the formula. 

compounds: 


e) SiO»: 
(a) CIF,, (b) SE, () LN, (d) NO. | 
(f) XeO,, and 


ve 
he abo 
(B) IF}. Nonpolar bonds are absent in 

compounds. Name the compounds. 


8.6 


Crystal Lattice 


ical 

-n “its physica 

Description of any element normally begins with its Ps n 

On these depends its aggregation to 

normal conditions: solid, liquid, or gaseous. A question arises as physic? 
onds of a substance has on its 


» Water is y 
compounds with cova] 


*ry unlike sugar; nevertheless, bot 
ent bonds, gi 
covalent bonds, but thei 4 


oth 
may be very different from one an o 
bstance Of carb, i i known 
TS r On), is th. tance knoW! as 

a aci ed ag hydrogen 4 ic pe only be liq: 
fied and solidifi at very low temper P Jecules 
practically discontinued), Peratures (when the motion of mo k 
to understa g j 

a it is necesan, the cause of this variety in the properties si p 
iat ider the fol] to. Bet acquainted with the structure of t on 
crystals. nes perc bone experiment, Place a handful of peas a 
a dish wi ©m and Shake į i as 
immediately form a SE Shown in Fig. &5. ìt slightly. The pe 

When: substances SOIT een Ponent particle ill not gather ^ 
random but will form a regular Pattern which ; nos. Hl not g 1 lattic® 
(iom the resemblar aaa any 1o00 as the crysta 
nature of the particles that form a ny |, 


x A t 
n 
crystal lattice. eg Depending O 


actin” 
> three types are dist 
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ubstq 


nce 
p — 
iii 


Fig. 8 
d Pm forming a hexagon in the 
of a saucer after shaking 


(2) molecular lattices, consisting 


guished: T 
: (1) ionic lattices consisting of ions, 
ting of atoms. 


of mo 
ae (3) atomic lattices consis 
example, M 5 ionic crystal lattice in detail, using sodium chloride as an 
temperatures | ecules of sodium chloride can only exist at very high 
uring po See vapour of common salt). The white smoke that we observe 
Ut fine cryst a of sodium in chlorine is not molecules of sodium chloride 
other com als of this substance. Crystals of table salt, like those of all 
pounds with ionic bonds, are not composed of molecules but of 


lons 
bi are arranged as shown in Fig. 8.6. 

surroun ie do each negative ion of chlorine (i.e. the chloride ion) is 
ion is surr y the sodium ions and conversely, à positively charged sodium 
ounded by the chloride ions, just like the black and white squares 
t is due to the electrostatic forces of 
oppositely and similarly charged ions. 
d Cl ) are attracted while ions bearing 
r Cl- and CL ) are repelled from one 
les tend to approach one another; 
ible from each other. These 
f the ions. Each sodium 


de ion by six sodium 


of a 
ral. s quc This arrangemen 
Oros and repulsion between 
e sitely charged ions (Na* an 
md ue re ien (Na* and Na* o! 
the x y the attraction forces the partic 
finc De sion forces separate them as far as poss 
ion is E account for the chessboard arrangement O 
ions. rrounded by six chloride ions and each chlori 
TI 
n m orderly arrangement ofi 
dflfactio compounds, while t 
india e forces that arise betwee! 
don ompounds are relatively hard, have 
IO RUNS substances. 
distinguish an bury: of substan 
sis mole isti i 
iodine (Fig. oe consisting of pairs 
(Fig. go ple of a substan 
. 8.9). As in the crystal lattice © 


ons accounts for the regular shapes of crystals 
heir strength depends on the strength of 
n oppositely charged ions (Fig. 8.7). All 
high melting points and are 
lattice. We can easily 


ces with a molecular 
the crystal lattice of 


of atoms in 


mic crystal lattice is diamond 


ce with an ato 
n salt we do not distinguish 


f commo! 
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Fig. 8.6 Crystal lattice of 
de. White balls are cl 


lori 


Sodium chlori- 
hloride ions an 


ig. 8.9 Crystal lattice of diamon, i 
vk designate the Centres of the 
Mum and lines show covalent p 


rbon 
onds 


[ Nat Qe ` 


ints 
n Poin 
black, the ions of sa iim, Ip 
crystal lattice are s 
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th 


the 
oi 


molecules in it: di i 

z : diamond consists of carb 

BEC f on atoms each of i ; 
found rg by covalent bonds with four neighbouring atoms p*s ^ 
e vertices of a regular tetrahedron. The structural jud of 


di 
iamond can therefore be drawn like this: 


"tj 
— Qgrno—coc—c6—c- o 
D] E | ^w 
=e eee CG Gey 
ab ge a 
_¢ te te] e- ea 
[em Pe wh 
—c—c—C —c—c—c— 
| | 


It is j P 
impossible to break a crystal of diamond without breaking the chemical 
s like a gigantic molecule. 


bo : 

> beteen its atoms. The crystal i 
aransement af use the example of the peas. The cause of orderly 
Bedsidssumo s the peas on the dish is the force of gravity that makes the 
of the crystal * lowest possible position at the centre of the dish. In the case 
mutual attr attice, the role of the gravity force is performed by the force of 
molecular ‘opi between ions in ionic, atoms in atomic, and molecules in 
lattice, and npe The stronger the attraction force, the stronger the crystal 
Baseous the more difficult it is to melt the substance or turn it into the 

Th state. 

e force of attraction between mM 


betw ; 
EUR ie ions or atoms which are join 
at substances with molecular lattices will melt and become volatile 


m : 

iara than substances with ionic Or atomic lattices. In fact, all 
molecula r that are liquid or gaseous under normal conditions, have 
carbon T attices in the solid state (for example water in the form of ice, or 
unidas to ide in the form of 'dry ice’). There are, however, substances with 
campho r lattices that are solid under normal conditions, e.g Sugar, iodine, 
camph ay But they are either low-melting | (sugar) or volatile (iodine, 
indispe 7). The hardest substances with the highest-melting points that are 
with nsable in modern technology, Can only be found among substances 
atomic lattice. 


9 


olecules is much weaker than that 
ed by covalent bonds. It is easy to 


perties of substances with (a) molecular, 


1. What are physical Prof e 
A and (b) atomic crysta lattices ¢ a ts 
2. By Mat Signs Can hthalene and (b) ice be identified as 
substances with à mo! rystal lattice? n li 
3. If we mix black and white balls they will assume their position at 
random: black balls next to ite balls, black balls next to black 
balls, and white balls next to white balls. Why is this random 
arrangement impossible with ions? 

4. The compounds Cl, AIP and Mgs cryst 
almost the same spacing between positive and 
f these compounds 2 the hardest and 

in your answer. 


O! 
temperature? Expla 


171 


allize in lattices with 
negative ions. Which 
melts at the higher 


8.6 Crystal Lattice 


8.7 Oxidation-Reduction Reactions 


When we studied ionic chemical bonds we stated that e 

atoms give off their valency electrons to atoms of nonme is 
Where do atoms give off their electrons when, for example, a sodium atom i 
converted into a positively Charged ion Na*, and where do atoms tê 


into 
electrons from when, for example, a chlorine atom is converted Wn 
a negatively charged chloride ion CI? 

Consider again the kn 


= ; tom 
€ letter & the Interaction of each sodium 2 
m can be shown as 


2Na+ Cl, =o Na'i cr! 

b sd een esu. in oxygen the Mg?* ions and O?- ions ot 
c ne another t i i z 2 

of this reaction is: 9 form magnesium oxide Mg?*O?~. The eq 


ourse in chemistry, when we studied reactions g 
are oxidized by oxygen. Een 
Occurs: electrons onmetals the same re 
metals. Therefore if itd by the atoms of nonmetals from the Pape 
ass from one element ty S Umed that (1) all Teactions in which Pleci 
E ivi ff RES * called oxidation-reduction reactions; ( 
the element giving o (donating) electrons be referred to as a reductant sinc 
it is oxidized and the element gaining (accepting) the electrons be called the 
oxidant since b M Tedric, etals give off their electrons and are thus 
oxidized: they therefore act as reductants, In reactions between metals an 
oxygen the latter acts as an oxidant, and in reactions of metals with tbe 
halogens, the halogens are Oxidants, 


OXygen, we | 
when metals Teact with 
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Consider n e 
ow the kno i 
sd wn reaction of cop) i 
per oxid i 
: reduction with 
d Cuo% + Hy =Cu? +HË 0" 
Superscribe the oxidati underline th 
> ls of ation number for each elem d 
i n 1 ent and i 
ols of those elements in which the oxidation number hs i in a 
mbi changed 


durin, 
g the reacti 
ction. In our case these are copper and hydrogen The reacti 
l l. on 
n reaction. The direction of the 


can the 
s called an oxidation-reductio 
ato er is indicate : 
zd to ii Pu Bonk d by the arrow: they move from the hydrogen 
copper i 2+ h, ; 

needed in d ps Cu ó have turned into neutral atoms. Two electrons weré 
ions have acce um ion in order to convert it into the atom. The copper 
Electrically en these two electrons and turned into copper atoms 
they lost one el ral atoms of hydrogen H? have turned into H* ions, since 
atoms toward 2 each. The electrons have moved from the hydrogen 
e ions of copper. The element copper is reduced in this 


Teactio ; 
n while the element hydrogen is oxidized. 


These 

ar ; : 

Having raed = main and essential characteristics © 
eir charges, the copper atoms stopped attracting the oxygen 


lons and 
copper was liberated in the free state Once the hydrogen has 
the negatively charged oxygen ion to 


acqui 
n. i positive charge it attracts 
bond, er molecule. The ionic bond has converted into the polar covalent 
h F 
gives mud M electrons in order to reduce itself while the reductant 
etals in Era ue to be oxidized. 
Uorine which is pa state always act as reductants 
ways an oxidant) can act as bot 
Hi*S?- sulp! 


f the reaction in question. 


while nonmetals (except 
h oxidant or reductant; 
hur is the oxidant 


Or exa ; 
and ci. in the reaction S^ + Ha = 
reaction S? + Of = s*+O2- sulphur acts as a reductant. 
f oxidation-reduction reactions the 
he number 


Wh : 
coefficients sein out equations O 
of electro an selected with the following consideration in view: t 

© numbe accepted by the atoms (ions) of the oxidizing element is equal to 
element We of electrons given © the atoms (ions) of the reducing 
- We are given, for example, the following: 


Find SO, + H,s > S + HO 
n ; 5 T 
$ E oxidation numbers from the formula, and superscribe them above 
mical symbols of elements 
s**o- + Hi*S* ^ g^ + Hi'o* 
: in sul- 


nly changed in the sulphur atoms 
from 4+ to 0 and in hydrogen sulphide 
in this reaction 


TiS caia 
€ oxidation number has O! 
the transition of electrons 1 


Phu; 
kon oxide it has changed 
as been. 0. Let us describe 
stt 4 46 = 
g- — = s? 
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8.7 Oxidation-Reduction Reactions 


the 
ual to ! 

i ?- ions should be equa jon 
ns given off by ms 4 b eiim that each S 


B j nown. 
the other elements ea ah Q-) p 
example, in the salt Naj*SO?- the Oxidation numbers of o | 
i Biven. Three 


hur 
e sulp 
m) and the other four = ‘a is 4+ 
atom. The oxidation number of sulphur can thus be fou 

(Naj*S**92 

? l. Using the electron theo 

A followi : 


zine 
ic acid ON © (¢) 
hydrogen by acting with hydrochloric ac ( 
ich element is (a) oxidi 


20 > HCI 4 HCIO 
© KClo, + kc +0, 


The Halogens 


9.1 
General Characteristics of the Halogens 
Let us remember what are the characteristic features of 
d of the periods in the 


at the en 


nonmetals: they stand 
Except in th 


periodi 
id pue (see colour plate III). the inert gases, the outer 
atoms of m of their atoms is incomplete but 1S nearing completion. The 
With eleme, nmetals should therefore accept electrons when they combine 
elements = whose atoms readily give off their electrons. These other 
e metals and hydrogen. Reactions with metals and hydrogen are 


therefi 
o ah 
Ris more characteristic of nonmetals. 
etals exist in the form of negatively charged ions in compounds with 


ivsi 
ance These compounds have the ionic crystal lattice and are there- 
It com substances with high melting points. j 
à polar pounds with hydrogen, no nnected with hydrogen by 
molecul covalent bond, and the crystal of these compounds is 
ular. In normal conditions these compounds are either gases (like hy- 


TO, a 

e halides) or volatile liquids (like water). 
nonmetal character is most pronounced in the halogens. They make 
VII in the periodic system of chemical 


up t : 
i ed main subgroup of group ] i 
and onis . Their outer layers contain 7 electrons. One P electron is unpaired 
compo y one more electron is required to complete the outer layer. In 
e o unds with hydrogen and metals the halogens therefore always cxhibit 
racer aon number of 1 —. Being the mos tive chemical 
only in fluorine has an oxidation number of 
owe compounds with hydrogen and metals). The ot i y 
ver, exhibit positive oxidation numbers up to 7+, for example, in their 


co 
Mpounds with oxygen. 


? 
i i betw! 
1. What is the difference en pica > i 
e structure of their crystal 


9.2 Chlorine 


The chemical symbo: 
Th 35.5, the charge of the "n 
e chemical formula of chlorine 1$ Gly: 


1 of chlorine is Cl. Its atomic weight is 
ucleus, +17- 
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wi 
of the t 
5». Pair With the other chlorine atom; then each 
atoms has eight electrons in its outer layer 
=% a een 
N a ^ e 

/ ee x feo N CHO 

(fcis! + Cai lucis | 

EX» Nee we 


ANT 
Wet 
molecule is CECI while its 


The electron-dot formula Of chlorine d o 
tural formula is C—C], Crystals of solid chlorine are compose hose 
molecules that are held together by intermolecular attraction W der no ith 
SO weak that the can only exist at low temperatures. — gas Wi 
€ is a gaseous substance, It is a yellow-gree 


its densi!) 
1 
: - Its. molecu} ight is 355 x 2— 71, and 
relative to a Ee "ey ar weight is 35.5 x 


struc 


Tt is 
Ir. ^, 
: ier than a ine 
5 aqueous qs almost twice heavier than 9. 
ditus uble in Water, An aqueous solution of chlorine is called It 
pg is lage serves © Colour and o our of chlorine. se death: 
ioni s i Chlorine Causes Suffocation and may even cau hs 
erel Only after taking all precautions. istic 
he additi Teactions With j 
chlorine e ha 


ceteris” qo 
ydrogen and metals are lee asint 
nown react logen), Tt acts as an oxidant in these reactio 
action of Sodium com Ustion in chlorine 
rey, 
2Na + € = 20Na apt 
Other m SI 


is 
à owdef j 
the: ginis way. When iton P e oe 
ome Whiten charged into 4 flask containing dor Bark ye. 
f their rex OME White-ho before they reach the bottom of the yep 
n . ask becomes filled with a bro 
Inutest Particles or th 


» ric C 
* reaction product, feri 
be 


me 
Sori? 


pout 
Mon : here with 1) 
eating, th, : discharged into the chlorine atmosp! d (Fi£ ^c 
and the bottle Will be fille; Sparkling shower will be observet chlo’! 

Cl, With a ite smoke of antimony (I 
[7756 

28b + say S 286% cra 

If we heat a coil of fine co Pu: 
chlorine 8as, copper will become te and 


f 
re? 
bottle with a brown s; 


e whit d immerse it in the TULÁ 
moke Consisting shot and burn (Fig. ae partic 
me COPper (II) chloride CuCl; 
Cu + Cl, = Cu? gg 
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Fig. 9.1 
urning antimony 1n chlorine Fig- 9.2 Burning copper in chlorine 


Chlori; 
ne ; " à : 
acts as an oxidant in the known reaction with hydrogen. Hydrogen 


Combusti : 
stion in chlorine is shown in Fig 9. 


[F7 
H,--cl —2H'cr 
e is mixed with hyd- 


This ; 
reaction can occur in a different way- If chlorin 
d with a piece of cardboard) and 


Togen j : 
a ribbon a thick-walled cylinder (covert 
of magnesium is lighted near the cylinder, the gaseous mixture will 


gen from 


Fi 
& 9.3 Burning hydrogen in chlorine Fig. 9.4 Displacement of oxy; 
water by chlorine 


177 


12-239 9.2 Chlorine 


| 


:« opatk 
"T " electric SP 
explode loudly. Bright light induces the explosion, just as an f 
lodes a mixture of hydrogen and oxygen. . s into th 
The reaction begins with the splitting of chlorine pc ike chlori | 
component atoms by the energy of light or by heat (Cl, = 2 sbines with on 
atoms meet a hydrogen molecule and each chlorine atom per to release 
hydrogen atom to form a molecule of hydrogen chloride an en atoms b. 
other hydrogen atom (C1 + H, = HCl + H); the in + Ch " | 
with chlorine molecules in a similar way(H + Cl, = H f burning ? 
reactions. The reaction O Nd 
ctions. . nly in | 
as an oxidant shows itself not shi rine P 
3 ish 
» & 8. for oxygen in water. it into 2 dis | 
Fill a flask with chlorine water to its full capacity, overturn for 
containing chlorine water (Fig. 9.4) and keep it in this position 


S 

mulate 
alls. This gas is oxygen. It accu 
the upper portion of the flask; the i 


@ = (pe 


“composing it 


oxygen 
2HCIO = 2HC] + O, 1 
The Overall Teaction equat: 


liberates 


lon can be Written as follows: 


= 4HCl + Qo 
Most Organic q : 


f " colo. js 
Ti r [o] n 
compounds, If 4 Piece “a discoloured by chlorine to turn. e soluta f 
placed in chlorine, it is disop tained with violet ink or D ble? 
Occurs only in the res oe coloured (bleached) very rapidly. p: 
in this reaction, A colo ater or its vapour. Water serves dry 
; ured textile fabric wi leached in b 
(Fig. 9.5). The presence of ne will not be bleache toward ^ gd 
substances as well. D rca Vàpour activates chlorine does 7° uot 
; -MOrine at normal temperature o 
for example, on iron but jt. P ce 
Will r ith ; i resen 
vapour. “act with iron in the p 
We know now that Chlorine is a 
displace oxygen from Such Stable co 


Jt 
" tal. ge l 
n extremely active nonme gene jt 
light, and it is especially active in 


j re 
™Mpounds as water in tie npe 
Teactions with metals and hy 
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dry chlorine 


NaOH 
solution 


Fig. 9.5 Di 
. 95 D ; 
iscolouration of dyes: ]1-dry by chlorine; 2— moist fabric becomes 
colourless 


colour 5 
ed textile fabric is not discoloured 


compoun " 
ds with metals and hydrogen, chlorine exhibits the oxidation 


number of | — 
Jess 
How does chlorine 


? 
1. Describe the physical properties of chlorine. H 
fro! Il other gases which are known to 


^ 
differ in its appearance m al 
e densities of chlori 


you? 

2. What are th: ne and carbon dioxide relative to 
air? 

3. A standard cylinder contains 30 kg of liqui 
volume wil kg of chlorine occupy under nO 
4. Describe the chemical properties © 
equations. 

5. If litmus solution is pou! 
its colour vanishes but if chlorin 


time, the litmus turns red. Explain. A. 
ine be dried thoroughly before it 15 


6. Why should chlorine 


n steel cylinders? 


3 Occurrence of Chlorine in Nature and Its Uses 
disinfection of ple water. Before 


potal 
umers throug! 


red into à freshly prepared chlorine water 
e water stands in the light for a long 


packed in 


h the water-supply 


Chlorine is used for 
of chlorine in it: this 


Sys Sar water is deliver! 
Kills alm. is chlorinated by dissolving ? sm 
Chlori ost all bacteria contained in the water. i 
D ine is used for bleaching textile fabrics and paper. and for industrial 
rays cture of bleaching powders. Before chlorine was discovered, the sun’s 
and air were used for bleaching purposes. Bleaching continued for 
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CHLORINE 


hydrochloric 
acid 
chlorinated 
water 
calcium 
hypochlorite 
and other 
p———1 bleaching 
Ez 


Solvents 


Fig. 9.6 Uses of chlorine 


180 9 The Halogens 


Months and 
Open air. N 


compo! 


^ i 
What uses of free chlorine and its 1 
nd of it 


Descri 
eic properties of chlorine à 
2. f for their practical uses. R 
y ES Ae free chlorine was liberated into 
i chemi acti i osphere c 
chlorine? mical reactions will the atm p! 
- What is the most abundant chlorine compound in n 


can be found in any home? 
9.4 


the atmosphere. 
lear itself of 


ature that 


Hydrogen Chloride 
Hydrogen chloride is One of the most important 
compounds of chlorine that are produced artificially. Hyd- 

ity relative to air is slightly 


TOgen 
chlori A 
above 1, tide HCI is a suffocating gas, its dens? 
Fill ; 
Put it y S Olinder wi i it with a glass plate and 
upsi ith hydrogen chloride, cover 1 
Plate; Hina down into a ‘fish filled with water (Fig. 9.7). Remove the glass 
dissolves ter quickly rises in the cylinder because the hydrogen chloride 
e cyli FN water is forced into the rarefied space by atmospheric pressure. 
Ydros er now contains hydrochloric acid. Test it with litmus. — 
ter gen chloride is one of the most readily soluble gases: one litre of 
emp, 3n dissolve up to 500 litres of hydrogen chloride (at room 
Perature) P 
Ydrogen ch : i ical 1 
i loride can be prepared in 2 chemical | 3 
"um chloride with dicente sulphuric acid (Fig. 9-8): 
O, + 2HClT 


= NaS 


aboratory by heating 


2NaCl + H2SOs 
(conc.) 

n Ydrogen chloride is heavier than air and it can therefore be collected in 
ty flask by displacing the air from it. 4 
When the flask is ompletely filled with hydrogen chloride, fume appears 
above the flask's mouth. This fume consists of the minutest drops of hydro- 
Chloric acid which has formed by combination of the hydrogen chloride with 


roplets of water contained in the ait- ; : 
In industry hydrogen chloride is obtained by synthesis, 1€. direct 
combination of chlorine with hydrogen- 
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9.4 Hydrogen Chloride 


b 
: Quen chloride in 
ig 97 Dissolving iam Si the f time d 
pire 2 te certain period o 

ment, b- 


hloride in Fig. 9. 
aring hydrogen ci 

" Prep 

Ur PORS 

the 


-9 De, 
of hydroge 


: bility 
inOnstration of high solu 

n chloride 
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P ON 


ne 


4 1 
- Describe i 
2. How can ne Piste properties of hydrogen chloride. 
the sketch ae eer chloride be prepared in a laboratory? Draw 
3. Fill a bottl the apparatus and write the reaction equation. 
through whi hs with hydrogen chloride and close it with a stopper 
the tube nich passes a glass tube. Overturn the bottle and immerse 
(Fig. 9.9) ^ another bottle containing 2 violet litmus solution 
Describe y dd a few drops of water to the pottle through the tube. 

4s Wha your observations. 

pre à aUis the concentration (g/litre) of 1 litre of hydrochloric acid 
pared in the Previous expennmnent? The experiment was carried 


X S | 
V under normal conditions. 


E 


9.5 
Hydrochloric Acid 
de is called hydro- 


A 
n aqueous solution of hydrogen chlori 
ter with hydrogen chloride one 


chlori i 
on m acid. By saturating Wà 
a E fraction of [ea a 40 per cent solution of Haran ec 
à pod Cl, 40 per cent). Concentrated hydrochloric acid has 
\ r and ‘fumes’ in the air. 


basic 


Zn + 2HCl = ZnCl, + H, Î 
ZnO + 2HCl = ZnCh + H20 
Zach + 2H20 


L] 


Zn(OH), + 2HCl 
a few practically 


Media t all ; 
ub] chlorides 4 Among 
Coa, € chlori Ges: Bre soluble in water. 4 1 
Or Bulated ae is silver chloride. It precipitates as white oy e (ue 
) when silver nitrate solution is added to nydrochloric ac! 


9 a soluti 
Olution of any of its salts: 

HCI + AgNO; = 

NaCl + AgNO; = 


Almos 


Agcl + + HNO3 


AgCI + + NaNO; 
ot dissolve because unlike 
i in acids either. 


Wh 
en nitri 
Other Mitric acid i Ae ? 
er silver sa] is added, the precipitate does n de 
€refore. i alts, that look similar. silver chloride js ins Pape 
Olution 4 if silver nitrate precipitates a i ubstance from an : 
at the and the precipitate is not dissolved b: nitric acid. one my e sure 
unknown solution contains hydrochloric acid or its S@ 
ide blackens since ! decomposes into 
black powder. 


ei 
chlorine exposed to light, silver chlor! 
and metallic silver which is liberate 


9 
^ 1. Describe the i fh rochloric acid. Te 1 
d properties ° M 3 id fume in the air? 
2. Why does concent ae i nyc ved that i» Mrochloric E 
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3. By what experi 


9.5 H ydrochloric Acid 


r ant for the 

contains hydrogen and chlorine? Write equations à 
nding reactions. P ions 

T Pooniun chloride, chlorine, and silver mips Sol entified? 

placed in three separate test tubes. How can t S en kept in the 

5*. What salt smells of chlorine, changes its colour p added? b 

light, and turns white again when chlorine water 7" iiem from ! 

equations for the corresponding reactions. Consider 

standpoint of the electron theory. 


9.6 


Uses of Hydrochloric Acid 


Hydrochloric aci 
deal with it ver 
Large quantities of hydroch] 


all 


» un, and chromium are widely used in € 
life. In order to.apply a coat of the i 


their surfaces should be cle. 
will not adhere to them, T 


1 X What bd of hydrochloric acid do you know? ; 
^ or iron oxige FeCl; is Prepared by reacting iron wit 
A Xide with hydrochloric acid 
seston equations, : sos 
* wO reacti, : ae r i oc 
acid? Write reaction egoon during Pickling of iron in hydr 


h chlor 
Write the correspo” 


9.7 Fluorine, Bromine 


> and lodine 
In addition to chlori n 
= c ne, the halo also cont? iy 
re also diatoms aS and “iodine “Table 13, "p. 131). TE 
ee that hola qo their Crystal lattice is molecular. 
intermolecular forces that hold the mol ce is mo 
lattics increase with the increas; 


es Within the fi ents OF '. 
n É confinem: ir 
; decreases: i E atomic number of the halogens, and the 
volatility therefore ? D ordinar gens, 


bromine is a dark red volatile liquid, nations fluorine, like chlorine: 
a gas. lightly, iodine converts into a Viol x Ne is a grey solid. Thé 
heated ARE is derived from the as *t vapour Without melting. uf 
name ores on the cold wallet the test tube des, Violet-like. The vapo" 
precipitate? crystals. The transition from the p Which it i. being heated, 
the perti stage, is called sublimation, Id state into vapour, omitti” 
the m 
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i ble in 
` : readily soluble ii 
Bromine and iodine are Sparingly soluble in water eid minor injuries is 
Bani Solvents. The iodine tincture used at home to tre 

Actually 


i ine 
tions of brom 
(bromine Solution of free iodine in alcohol, Aqueous solu 
Tete water) and 


wn. But iodine 
of iodine (iodine water) are both ce they combine 
to fees c * easily identified by using starch with w free iodine gives 
ili à da lue Product. Of all the substances we know asia renpeut for 
^ lue Colour nly to starch and the latter is therefore u reagent for starch. 
"t iod © le. iodine molecules. Iodine in turn is ith almost all simple 
Sub; urine is t © Most active nonmetal. It reacts wi 
Éven aces an 


included. 
nd xenon incl dp 
2 s in pounds, the inert y mum. dne reaction consists in 
Water burns į A ata hot flame; 
“UbStitution in fluorine with a 


Uorine for oxygen o2 
?7Hi*O?- 4 2Fo = 4HitFI- + OP 
This 3 


i heir 
i . According to t i 
inc IP dicates that fluorine is more active than ae en caries fluorine 
(ac Casin atomic numbers, the halogens form the a is Gud odios fat 
Ns No, 9), chlorine (at No 17), bromine i m Es. halogens. But of 
ee i activity i rectors less, active. 
any Dai Ciel peek be pem and Tr eu one halogen for 
dis bsti 
Activity j ividly illustrated by su 
Nother. Stivity is most Vividly illus 


i ater. 

dd chlorine water 

i tube ‘and a which is 

ace à : ^ ide in a test colour, y 

The Solution An of sodium M a deren aer substituted by 

chine” teristic or neis aeii pee 
lorine ich is thus separated in the fre d 
2NaBr + Cl, = 2NaCl + Br; 
Add chy 


i $ 

i solution also turn 

i i iodi lution. The s ion 

pun sium iodide so ipae 38 elut 

jody’ brown. Te is oar D prove that this SE i a TE 

thane by addin Starch solution: the brown Mme etra i Ra 
iine has been pee by chlorine in potassiu 

Derateq in the free state: 


2KI + Ch = 2KCI + ho ia os tums 
Ada i lution of potassium te or iodine. Add starci 
brown. nine water to Mujros due either B MOVE means: that’ (res 

y 1S CO ar! n : 

m ution; panganan ma se neither potassium 
Molecules! f iodine eis present in the aed * i Iodine has been 
i " nor bromine g venat colour M sm ih is liberated in the free 
Substituted by bromine in potassium iodide and io 
State: 


2KI + Br, = 2KBr + I, 


The above experiments show that: 


ir compounds 
uorine (at. No. 9) displaces the other halogens from their P 
With hydrogen and metals; 


i iodine; 
chlorine (at. No. 17) displaces only bromine and ; 


9.7 Fluorine, 
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with 
another W, 
halogens substitute for piene wa 
of chemical elements. P eher atom 
place any halogen with a hig 


periodic System 
bers will dis 


The reaction consists of 4 


he 
chlorine atoms 


t 

" to 

ine ions t0. io 
iodine 10 
transition of electrons from the io 


e iodide jo 


arg 
ively ch 
2 egative 
accept electrons, i.e. are reduced into neg 
chloride ions, 
While free fluorine js 
Contrary, are 


the 

D SE 

. unds, Ohe o 

very active chemically, its de enal per i 

characterized by chemical inertness. A plastic 1 with eee g 

i carbon (fluoroplastic) is the most stable materia is indispen ss is 

» OXidants and other chemical Teagents, Bromine hic proc The 

in the manufacture Photographic materials. The photograp to light. see 

ition of Silver bromide on Fu Hei d dative 

On a ‘veloped film is formed by minute p as sedative’ 
Metallic silver, Bri ine Preparations are used in medicine our teet : 

© contained in our bodies: fluorine - These The 

ied te TIC compounds of the thyroid gla as salis) he 

Supplied to ur bodies With food and water (a all but 

amounts of the halides in 90d and drinkin water are very sm 

body's need for the elements i 5 

from the Water of so 


t 

psen 

: ; ost a! e 

S also very Jow, Fluorine is alm Thes 
: e areas an B 
diseases are treated wit d this 


eeth. ive 
causes diseases of a excess! 
iti o ining fluorine. 

quantities of flu in drinking Nds conta g 

Causes diseases or the t 


1n 
fluor 4 
SS a 
3 Water are harmful bc compoun thi 
E Seth as Well. Some Water lacks iodine event is 
this is harmful for the thyroid gland of man (causing goiter). To Pt anderg0® 
Serious disease, the table są that is delivered to these areas, 
special treatment With iodine co; nds 5 
i ^n the! 
th ed? 
? l. How Oes i a dec oe Se 
y t halogens c ni b, 
A Increasing ay numb 5 "Hone ha these changes mef e ) 
Whic of alogens react with (a) potassium c equatio 
calcium bromide ry Sodium iodide? Wye Rotassium c 
hat Substance, are Oxidized id 
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? The Halogen; 


3. By what reactions can the following solutions be identified: (a) 
sodium chloride, (b) sodium bromide. (c) potassium iodide? 


z 1. Place a few drops of iodine tincture in a tet at matches 
slightly. Using water colour paint, try to fin the bue re. Observe 
the colour of the vapour evolved from the 10 ine 1 
imation of iodine crystals. MEL " 
o.c pr quantity D water to à few drops er s aed 
and using the obtained solution detect Ey esenee on the cut 
various foods. To do this, place à ER Vect of Mead, a shelled 
surfaces of a potato, and a carrot, OF 5 ur atime, ete keie 


pea, and a green lea! 


results of your observations. 


Oxygen Subgroup 


The halogens form t 
justly expect that nonmetals belongi 


a at an 
nds formed by them are aranin © the 
-2 b). Two electrons are needed to comp 

outer layer. The atoms of these ele: 


the most 


group, oxygen is hould 


Oxygen 9nd Ozone, 


Allotropy rties 
We have already studied the physical and chemical m two 
E of oxygen, The Molecules of oxygen are Xy" rmed bY 
atoms interconnected by the covalent nonpolar bond, which is fo 
two electron pairs, 
The atoms of 


a ig. 10.1). 
8 ozone is called an ozonizer (Fig. L 
consists of a glass vessel, round which 


l wire, As o 
he wires an 


Fig. 10.1 Ozonizer 


In ordinary conditions ozone is gas. It is a rather unstable substance and 


rapidly decomposes into oxygen: 
20, = 30, + Q 
For this reason ozone is not accumulated in the atmosphere. The properties 
of ozone differ from those of oxygen. It is 1.5 times heavier than oxygen and 
dissolves more readily in water. The chemical activity of ozone 1s much high- 
fails to oxidize silver even at high 


er than of oxygen. Oxygen, for example, 
temperature while ozone oxidizes silver at room temperature to form silver 


oxide. 
When ozone is converted into oxygen, one atom of oxygen is first split off 
from the ozone molecule: 
0, = 0, + O 


The oxygen atoms so formed join in molecules 
20 = 0; 
much higher than that 


it off oxygen atoms is 
chemical activity than 


The chemical activity of the spl 0 
herefore has higher 


of oxygen molecules. Ozone t 
oxygen. 
So one element can have more than one sim 
This phenomenon is known as allotropy- 
Allotropy is the ability of 

and more simple substances (allotropes). . 
These may differ in the composition of their molecules, in the form of their 


crystal lattices and, hence, in their properties. 
Oxygen and ozone are allotropic modifications of oxygen that differ in the 


composition of their molecules, and in their physical and chemical 


properties. 


ple substance in the free state. 


atoms of elements to form two 
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— Sx. (b) i " $ 
S\AAAA/ Sus 


ja S S S 
S S 
S s 
S 
7 ^ 
(a) \s 57 
S 


ASN 
Fig. 10.2 Structure of molecules of (a S 


crystalline sulphur and of (b) plastic 
sulphur 


: le 
: s s of simp 
1. Which number is £reater — that of chemical elements or 
^ substances? 


do you 
2. What differences in the properties of oxygen and pte discolour 
know? Why do their properties differ? Why does or ott 

Some dyes (fuchsine, for example) while oxygen does y be 


D ) A nt ma. 
© you know reactions by which one chemical eleme 
converted into 


? 
A another: 
another, or one simple substance into 
10.2 Sulphur 


The chemical s 

is 32; the cha, 

Among the nonmetals of t 

System, sulphur sta 
and importance. 


. i ulp hur 
ymbol of sulphur is S. Atomic weight of su!P 
rge of the nucleus, + 16. eriodic 
he main subgroup of group VI of the prance 
nds only second to oxygen with respect to its a 


by 
The atoms of the halogens can complete their outer electron layers oe ia 
combining in pairs. There are no allotropes among them. Sulphur a airs. 
form diatomic molecules S—s by bonding the atoms by two ied r sul- 
But one sulphur atom can Spend two valency units to attach two ot S^ oie 
phur atoms to form . & —$—S$—S— S—— S— S— chains that may 

in rings (Fig, 102a). Like 


oxygen, sulphur can form allotropes. 
Free sulphur Occurs in natur $ 


ur is 


stals: 
ushed 
rystā 
mmercially as ground sulphur. D HE D 
1 i ; it is composed of S, molecules in the ! e, sul- 
puckered rings (Fig. 102a), Being a substance with a molecular age 
phur is low-melting: It melts at temperatures only slightly above the is fur- 
Point of Water to form a very Mobile clear yellow liquid. If this liquid sel Í 
ed, i font brown and loses its mobility. When em y y eo, 
> it flows off very Slowly, like resin. When Tap: d 
Overheated Sulphur solidifies into a ole brown mass that resembles gum 
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in its physical properties: when pulled it elongates. and shrin 
oe This allotropic form of sulphur is called plastic a 
mn cules are very long chains of sulphur atoms. When at rest, the chain 
[o ecules are arranged at random but when sulphur is stretched the chains 
straighten in lines parallel to the direction of the stretching effort. When the 
effort is released, the chains coil back, just like the coils of a spring. 
Crystalline and plastic sulphur are allotropic forms of sulphur with 


different composition, molecular structure, and properties. 
is converted into a brown vapour. 


When heated strongly, sulphur 
Sulphur is insoluble in water; it is not even wetted by it. If a pinch of 
ground sulphur is dropped into water. the particles will not sink but spread 


on the surface to form a yellow film. This phenomenon is known as flotation. 

Many naturally occurring metal compounds of sulphur are not wettable either. 
while the gangue (the material which occurs together with the minerals but is itself of 
no value) is wettable and sinks to the bottom. Flotation is widely used for separation 
and concentration of metal ores. 

Chemical properties. Since sulphur is a nonmetal, let us first study its 
reactions with metals. We already know that a mixture of ground sulphur 
and iron starts reacting when heated at one of its points. The reaction then 
continues spontaneously at the expense of heat that is liberated in this 
exothermic reaction. The resultant product is iron sulphide: 


26-3 
Fe + S = Fe? 
ulphur gives a bright 


minium or zinc with s 
white powders of 


cts of these reactions are 
Iphide 


A mixture of powdered alu 
flash when ignited. The produ 
aluminium sulphide or zinc su 

[ors 
2ALL 35 — AS; 
rey 
Zn-F 5 Zn^s* 
roducts become suspe 
burns in S 


Some reaction p nded in air to form a white cloud. 
A coil of copper wire ulphur vapour (Fig. 10.3) to form 


copper(I) sulphide: 


rey 
2cu+ S =Cu 


dno? 
5 
m temperature. When, for example, 


at roo: 
sulphur, mercury sul- 


Sulphur reacts with some metals r 
rtar with powdered 


liquid mercury is triturated in a mO 
phide HgS is formed. ^ 
Compounds in which sulphur is electronegative are called sulphides. 
Sulphur reacts also with hydrogen. As hydrogen 1s passed into a test tube 
where molten sulphur is boiling (Fig. 10.4) the odour of rotten eggs can be 
smelt at the gas-outlet tube. This is the specific odour of hydrogen sulphide, 
the gaseous compound of sulphur with hydrogen. The reaction equation is as 
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Eus n sulphide 
Fig. 10.3 Burning copper in sulphur va- Fig. 10.4 Synthesizing hydrogen 
pour 


follows: rey 
S+H, =H}! s2 $ 
TE oun 
Like oxygen, sulphur has the oxidation number of 2— in its Lr ther- 
with hydrogen and metals. The composition of hydrogen sulphic like that 
efore similar to that of water, while the composition of sulphides is 
of metal oxides: 
H1+Q2- 


B*oi 
he Na!+Q2- Zn2+ O2- Alz 
Hi*s*- 


nes with ox 
€). The speci 
tless. Th 


(in 
oxygen a dark blue flam 


à me 
ygen to burn in air with a blue fla 
smelt. The gas is colou; 


ific odour of sulphur dioxide SO; Cà? 
* reaction equation is 

rie 

S4 0, = St40,2 


? 1. Describe the 


i r. 
ut 2. By what th Physical and chemical properties of sulphu 
d ree 5 
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10.3 Uses of Sulphur. Sulphur in Nature 


riculture to control pests. Leaves of 
usted with powdered sulphur. When 


sulphur is added to latex and the mixture is heated, a very important 
product, rubber, is obtained. Rubber is used in the manufacture of a great 
variety of goods, such as tyres, hoses, tubes, etc. Sulphides form part of the 
compound of which match heads are made. When a match is lit, we notice 
the specific odour of sulphur dioxide. Free sulphur is used as a part of gun 
powder. Large quantities of sulphur are used in the manufacture of sulphuric 
acid. Like oxygen, sulphur occurs in nature as a simple substance and as its 
compounds with other elements. Deposits of free sulphur in the Soviet 
Union are found in Central Asia, the lower Volga areas, and West Ukraine. 

Compounds of sulphur are however more abundant. These are sulphur 
compounds with various metals. Iron pyrite FeS,, and zinc sulphide ZnS are 
the form of salts of 


among them. Sulphur occurs in nature in i 
sulphuric acid, mainly as gypsum CaSO,-2H;,O and sodium sulphate 


Na,SO,. Sulphur is contained in coals as deposits of pyrite. Sul- 
phur is one of the elements which are indispensable for living organisms (sul- 
phur is a part of proteins). Plants take sulphur from the soil. 


Sulphur is used in ag 
cotton and vine are d 


? 1. What are the practical uses of sulphur? 
A 2. In what form does sulphur occur in nature? 


10.4 Hydrogen Sulphide 


Like all nonmetals, sulphur forms a volatile compound with 


hydrogen. This is hydrogen sulphide H;S. The electron- 
:S:H and the structural formula, 


this compound is S | I 
in wee oxides, the bond with hydrogen is realized 
i Iphide through electron pairs. The bond is thus covalent. 
Se eee Paides these pairs are displaced from the sulphur atoms 
towards the atoms of oxygen, while in hydrogen sulphide the electrons 
are displaced from the hydrogen atoms towards the atom of sulphur, 
ie sulphur exhibits its negative oxidation number of 2— in latter 
compound. -— 

sia ; 256. ogen sulphide is à 
of PAY sical pier: Yay be more correct to say the reverse: rotten 
Siri d ulphide because this gas is always formed during the 


eggs smell of hee s the source of the offensive odour. This odour is 
:1e is poison. It destroys the haem- 
a de i hydrogen sulphide is poison. : 
pic cg un beca er ‘ron from it and to form iron sulphide. 
owe inhalation of hydrogen sulphide even in small concentrations is 
dangerous and can be fatal. masc d 
Chemical Properties. Hydrogen sulp 


with a blue flame. The odour of sulphur (IV) 


colourless gas with the smell 


combustible. It burns in air 
oxide is smelt during burning, 


10.4 Hydrogen Sulphide i 
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Fig. 10.5 Burning hydrogen sulphide with 
formation of water 


?Hj$ + 30, = 2H,0 4 280, 


€ 
I 9r to a soluti i substan® 
Precipitates. This is lead aie of any sulphide, a black 


HLS + Pb(NO,), 
Na,S + Pb(NO 


PbS} + 2HNO, 


32 = PbS} + 2NaNO, 
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A salt of lead is a reagent for hydrosulphuric acid and its soluble salts. 


A paper impregnated in lead salt solution may be used to detect hydrogen 
he presence in the air (or in 


sulphide. Blackening of the paper will indicate t 
a solution) of hydrogen sulphide or its soluble salt. 
Hydrogen sulphide will normally be prepared in the laboratory by the 


action of dilute hydrochloric acid on iron sulphide 
FeS + 2HCl = H,St + FeCl, 
on while hydrogen sulphide is evolved as 


a gas. In nature, hydrogen sulphide is formed when organic matter decays. It 
is contained in the water of some springs in the Caucasus where these waters 


are used for the therapy of some diseases (baths). 


Iron (II) chloride remains in soluti 


e the physical and chemical properties of hydrogen 


1 1. Describ 
A sulphide. 4 M 
2. Sulphur, iron, and hydrochloric acid are provided. Obtain 


hydrogen sulphide. E É . 
3. Sulphur is contained in cast iron In the form of iron sulphide. 
How can it be detected using à strip of paper impregnated with 


a solution of a lead salt? | 
sulphide solution becomes cloudy when kept in air. As 


4. Hydrogen t j 
time passes, it does not colour litmus red. Write the equation for the 
reaction, bearing in mind that the electronegativities of oxygen and 


sulphur are different. 
5. Blood darkens if hydrogen sulphide enters it. Explain. 


10.5 Sulphur Oxides 
dioxide SO,, which is the 


the structural formula 
]phur (VT) SO,, with the structural formula of 


o=s=0 
ll 


o 
Sulphur(IV) oxide SO; is à colourless gas with a specific pungent odour. It 
anic dyes to form colourless compounds. If a red rose is 


discolours many Org; : 2 épais Ment 
held in an atmosphere of SO,, it turns white. Sulphur dioxide discoloures the 
red solution of fuchsin and the violet ink solution. Blue litmus becomes red 
in the aqueous solution of sulphur dioxide because sulphurous acid is 


formed: 
= H,SO0; 


f sulphur dioxide because it is evolved 
taining the acid stands open, the acid 


so, + H;O 


A solution of sulphurous acid smells © 
from a solution, and if the vessel con 
will be exhausted. 
Sulphur dioxide kil 
and vegetables to pre 


ls microorganisms and it is therefore used to treat fruits 
faction in storage. This method is used 


vent their putre 
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t once 
at canning plants where fruits and vegetables cannot be processed all a 
their prolonged storage is required. : surface 

kg' s oxide is used to bleach straw, silk, and wool. d a eem 
of a wet fibre, sulphur dióxide turns into the sulphurous acid w 

= RE ae ; ; t in the 
E the chemical industry sulphur dioxide is an intermediate produc 
manufacture of sulphuric acid. . 

Sulphur (VI) oxide SO, is a volatil 
more accurately mist, consists 
formed as the vapour of sul 
contained in the air: 


; or 
€ liquid; it ‘fumes’ in air. The pers t 
of minute droplets of sulphuric acid anys 
Phur(VI) oxide combines with water 


SO; + HO = H,S0, + 9 à 
" á well. 
When dissolved in water, sulphur(VI) oxide forms sulphuric ps die 
Sulphur(VI) oxide is prepared by oxidation of sulphur(IV) oxi 
presence of a catalyst: 
2S**ga- +0 = 285*02- 
The oxidation number or sulphur changes from 4+ to 6+. 
y1) 
; 1- What are the physical and chemical properties of sulphur( 
Oxide? 


. P ntains 
2. A combustible gas that is obtained during coking of "y^ our 
hydrogen sulphide Why cannot this gas be used as fu 
Ouses without prelimi 


‘de? 
Iphide* 
a inary separation from hydrogen sulP 
3. Describe the Propert 


les of sulphur(VI) oxide. 
10.6 


Sulphuric Acig 


for- 
The formula of Sulphuric acid is H,SO,. Its structural 
mula is 


H—0 40 
H~o’ `o 
It will be seen from the stru 
The oxidation number of 
oxide SO,, 6+. 


Physical Properties, S 


t 
i ‘quid (almos 
ulphuric acid į rless liquid (2 
twice as heavy as water). It is V; Is à heavy colou 


m 

IS vj ilv |i e oil. At r0 

temperature it is nonvolatile and. thera de P eiie en sulphur 

acid is dissolved in water much heat ig liberated due to thé formation of 

stable hydrates of sulphuric acid, | water is added to sulphuric acid, pa jo 
the water will not mix with the acid because it is immediately heate 
boiling. This causes a Splashing of { e acid and may seriously damage 


is siX- 
ctura] formula that the valency of [bae the 
the sulphur atom in sulphuric acid is, aS 
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Fig. 10.6 Washing bottles for drying ga- 


ses 

If we place a beaker with sulphuric acid on a balance igh i 
beaker will soon become heavier and the balance will dede Mr ei 
happen because concentrated sulphuric acid absorbs moisture from the A 
The acid is therefore used to dry substances. Gases, for example, are dried bs 
passing through washing bottles containing concentrated sulphuric e 


(Fig. 10.6). When sulphuric acid gets on the skin, it cau 

H ses severe b 
Special care should be taken when handling concentrated sulphuric acid. In 
case of acci i 


s 1 v d should immediately be removed from the 
skin or other objects with ample water and the affected site should then be 
treated with a so m bicarbonate and washed with water again. 


1. What are the physical properties of sulphuric acid? 
^ 2. How can sulphuric acid be used to dry (a) liquids and solids, (b) 
gaseous substances" s í 

3. Cups filled with concentrate sulphuric acid are sometim 

of windows in cold climates. Explain SS. Abe 
lled with the sulphuric acid. Explain again. 


E 


between frames 
are never completely fi 


rties of Sulphuric Acid 


ms can be substituted in molecules 
d therefore reacts with the alkali 
] and acid (hydrogen) salts. For 


10 7 Chemical Prope 
" 

One or two hydrogen ato 

of sulphuric acid. The aci 

metals to form two series of salts: norma 


example, 

Na, SO% K,SO4 - these salts are called sulphates (normal 
salts), 
NaHSO,. KHSO4 


hydrosulphates)- 


—these salts are called acid sulphates (or 
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Acid salts are those in which only part of the hydrogen is replaced by 
tal. . ! 
a Whether a normal or acid sulphate is obtained by the reaction oed e 
sulphuric acid and an alkali, depends on the ratio in which the reacting 
substances are taken: 


H,SO, + NaOH = NaHSO, + H,O 
H,SO, + 2NaOH = Na,SO, + 2H,O 


As will be seen from the equations, the acid salt is prepared when one mol 

of the alkali and one mole of the acid are taken for the reaction. If the cone 

is taken in the quantity of 2 moles, the normal sulphate is obie 
Sulphuric acid also reacts with basic oxides to give water and t 


corresponding sulphate: 
CuO + H,SO, = CuSO, + H,O 


Dilute sulphuric acid 
form salts. It reacts 
electrochemical series, 


z ; o 
reacts with some metals to liberate hydrogen a 
with metals that come before hydrogen in 

For example: 


Fe + H,SO, = FeSO, + H,1 


2 ul- 
Te common to sulphuric and other acids. BU set 
Teactions that differ it from other acids. Wh 


Cu 4 ?H,8**0, = Cu?*so, + 2H,O + S**O,1 


Ci — 26 = cie 


lar 
substances containing carbon, hy 


eliminates hydrogen and oxygen fr 
carbon is liberated as coal. If groun 
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Fig. 10.7 Sugar charred by sulphuric acid 


phuric acid into à paste in à beaker, it soon darkens, becomes hot, and 
à porous carbonaceous mass emerges from the beaker (Fig. 10.7): : 


Cy2H22011 + H,SO4 > C + hydrates of H2504 


sugar conc. 
tter is charred by concentrated sulphuric acid due to formatioi 
i 1 : uric acid. Being nonvolatile, concentrated sul- 
phuric acid may displace other volatile acids when heated with their salts. 
When, for example, table salt is heated with concentrated sulphuric acid 
hydrogen chloride gas and sodium sulphate are formed: , 
NaCl + H;SO, = HCl 1 + NaHSO, 


NaCl + H,SO, = 2HClT + Na,SO, 


Organic ma 
of stable hydrates of sulph 


? 1. Describe p 
^ equations and indicate 1n which case sulphuric acid acts (a) like an 
i :ke a dehydrating agent. and (c) like a nonvolatile acid 


of the acid together and ac 
What salt is formed? 


s (a) between aluminium and 


Name its roducts. 3 
a Pe r the reaction: ) 
n silver and concentrated sul- 


. Write equations fo 
3, Write equa cid, and (b) betwee 
when heated. 4 
id be stored and handled in steel containers? If 
teel barrels attacked by 
is removed from them? 
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Main Regularities 
of Chemical Reactions. 
Manufacture 
of Sulphuric Acid 


Rates of Chemical Reactions 
We have studie 


; ; , ical 
may be given to illustrate the acceleration of chem 


: à goce io. 
Solids when their Particles are reduced in size. 
phur with i 


; I ee 
reaction depends on the chemical composition 
the conditi, 


3 the 
ion, namely, concentrations 0 


calculated, 


Consider, by way of illustrati 
vapour with formation of hyd 


i A : an 
à Biven chemical reaction occurs C 


iodine 
9D, a reaction between hydrogen and iod 
Togen iodide: 
H, + I, = 2H 
It has been found 


i ion is 
: experimentally tha mical reaction 
Proportional to the Product of Y that the rate of a che 


ants: 
molar concentrations* of the react 


g m—-" 
i t 
k Molar pde 9 Substances 1S called the ratio of the Huan, dt 
substance in moles to the tota volume of Solution or other mixture. A unit 0 
concentration is one mole per litre (mol/l), 


202 


the rati i ^ 

E e S peri aie E uan: S NW 

The reaction is carried i losed uec ca n i 

at een d ied out in a closet vessel having the capacity of V litres 

TET emperature (in a thermostat). Since the number of moles of 

2 ances do not change, the pressure inside the vessel should not 

eme change either. How do the molar concentrations of the reactants 
ange during the course of the reaction? If, for example, at à certain 

moment of time t, the flask contains 7, number of moles of hydrogen, and 

at the moment t, this number has changed to n, moles of hydrogen, the 


molar concentrations (in mol/l) of hydrogen C, and C; are 
zeit zn 
C Ty C;--7y 


The average rate of change in the molar concentrations during the course of 


time t, — t, is (in mol/l- sec) 


6, G3 
v= - 
t-t 
or 
AC 
pe—— 
At 


occur in the same conditions of temperature 
and pressure but in a vessel with a doubled capacity, the quantity of hydro- 
gen reacted during given period of time would be two times greater. It means 
that the rate of reaction does not depend on the capacity of the reaction 
vessel. 

The equation O 


If the given reaction were to 


f the reaction rate can now be written as follows: 


AC 

AC k- CH) C) 

At 

netic. They can be used to calculate the change 

in concentrations of the reactants during given period of time. — 

How can the dependence of the reaction rate on the concentration of the 
d? Using the molecular and kinetic theories, it is 

possible to interpret the mechanism of the interaction o! 

iodine as follows. Molecules of both gases are In constant m j 

with cach other many times. f collisions between molecules in 

the course of one second is Very great ar : 

a hydrogen iodide molecule, the reaction might have been instantaneous. 

However, it takes considerable time toyoceut which means 

that only some of the co isi ult in the formation of hydrogen iodide 

molecules. The number of collisions depends on molecular concentrations of 

the reactants and increases with con l The number of collisions 1$ 

proportional to the product of concentrations, 1.9 obeys the same law as the 

rate of the reaction in question. 


These equations are called kin 
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Qualitative Reaction for Sulphuric Acid 
10.8 and Sulphates 


; BaSO,, 
The salts of sulphuric acid (except barium a Á—À— 
SrSO,, RaSO,, and PbSO,) are soluble in water. 


F 2 5 > . sulphate 
chloride solution is added to sulphuric acid or its salt, white barium 
precipitates 


H SO, + BaCl, = BaSO, | 4 2HCI 


NaSO, + BaCl, = BaSO, | + 2NaCl sia 
: js. SEE 
Barium sulphate BaSO, is insoluble in water or acids. s i m 
different from other insoluble salts of barium (e.g. BaSO,) whic 
acids with the formation of soluble compounds. 
Soluble salts of barium 


hen 
in agriculture. W 

1*. A water-soluble salt is used to control pests in agricult 1 

(a) silver nitrate or 


o! 
: ]ution 
(b) sodium sulphate is added to Ee S vate or 
this salt a substance Precipitates that does not disso 

acids. What is this salt? Write reaction equations. 


10.9 Importance of Sulphuric Acid 


The chemical 


E f; where 
; metallurgical, » and many other pee a d 
acids are used Iphuric acid is justly called the foun 
chemical industry. 


y: 1. What Properties acc, 
A acid in industry? Disc 
In especially large quantities, tes. Assume 
Fluorine is 4 component part of natural phospha and decide 
conventionally that fluorine is contained in them as die acid oF 
What reaction Occurs and why during the action of sulp! 
natural Phosphates, 


ric 
: sulphu 
ount, for the great importance i iP use 
USS processes in which sulphuric 


al 

n metà 

n the metallurgical industry sulphuric acid is used to ze other 

Surfaces from their oxides before nickel plating and aie sulphate 

Processes. Write equations for the reactions by which ferr 
is produced, 

4. For what pro 


TOperty is sulphur 
the concentratio: 


: hat i$ 
ic acid used to dry gases? W 
n of sulphuric 


7 
acid used for the purpose? 
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————— TE 


manufacture of 
jineral fertilizers.— 


Sulphuric 


purification of 


acid 
M——M— B 
petrochemical products 


Fig. 10.8 Uses of sulphuric acid. The 
diagram shows schematically the propor- 
tions of the acid used in various in- 
dustries 


EI 
of dyes and medicines 


t precipitate as 


rities to form compounds tha 
facture of many 


acid reacts with these impu 
insoluble products. Sulphuric acid is widely used in the manu 
man-made fibres, detergents, explosives, and dyes. 

years that have passed from the 


In the long course of two hundred 
moment when sulphuric acid was first produced on a commercial scale its 


uses invariably changed. The bulk of the acid produced by the chemical 


industry is ever increasing. 


10.10 Oxygen Subgroup 
The main subgroup of group VI contains two other elements 
that are similar to oxygen and especially to sulphur. These 

are selenium and tellurium. They form gaseous substances with hydrogen: 

hydrogen selenide H,Se and hydrogen telluride H;Te. Like hydrogen sul- 
phide, these compounds are poisons and have an offensive odour. Like the 
Iphide, solutions of hydrogen selenide and hydrogen 


solution of hydrogen su 
and H,SeO,) and also tellurous acid 


telluride in water are acids. 
Selenious and selenic acids (H,SeO3 Mer: 
to sulphurous and sulphuric acids in 


(H,TeO,) are known. They are similar 


their composition. . 
Like sulphur, selenium and telluri 
and 6+ in their compounds. TE 
The nonmetallic Torete of the elements in the oxygen subgroup (like in 
the subgroup of the halogens) decr ith the increasing atomic number of 
the elements. Sulphur in the free st onduct electricity. Selenium 
lectricity W d conductor and it 


is a poor conductor of € 

has a metal lustre. 

? i i f the elements and 
` mmon and different properties © s an 
dea substances of (a) oxygen and sulphur, (b) sulphur, selenium 
and tellurium, and (c) elements in the oxygen subgroup on the one 
hand, and the halogens On the other hand? 


um have oxidation numbers of 2—, 4+ 


14-230 


Fig. 11.1 Oxidizing Sulphur(IV) oxide 
Over a catalyst 


Catalysis is the change of the 
Presence of a Catalyst, 


is 
atalys! 
ities of c 

Let us become acquainted with some general regulariti 

taking the i 


way 
d z en by 
idation of sulphur(IV) oxide with oxyg 

of illustration 


n the 
ion in 
rate of a chemical reactio 


250, + o, = 280, 
Pass a mixt 


be at ? 
temperature of 20-25° 


reaction 


; on(TTD) 
F iron( f 
t now place a small portion of but ! 


°C either, te 
" 1). No reaction occurs at Ls ed reaction oie 
he test tube to 500°C the reaction will be initiated. cratures. Vt 
ing is continued to higher temper: 


atalyst 
to some theori 


e catà? 
ders Sorb on the surface of th which 
(ferric oxide in Our case) to form u; 

then break up to 


ds : 
: nstable intermediate ong m catalyst 
give the final Product and to recover 
A 4 C= AC 
AC ite. Ap +C 


Each step in 


E 1 in 
m is much faster than the direct 
between the molecules of the ts 
me points in 4 


a give 

i € 
f can act as a- catalyst e substan’ 

Teaction or may some other substance Prove as effective? Can one 

€ used as à catalyst in Severa] reactions? 
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Experi à 

M cop oen m many chemical reactions are accelerated by various 

tosis poi pP platinum, ferric oxide and vanadium(V) oxide, the cata- 

M us _ the oxidation of SO, to SO,, can for example catalyze 
very important reaction, the oxidation of ammonia to nitrogen(II) 


oxide. 
M edipi of sulphur(IV) oxide and air that is passed over a catalyst, 
omen wa quantity of _arsenic(V) oxide, the reaction rate will soon 
This is = in a certain period of time the reaction will stop completely. 
Meu ‘a to poisoning of the catalyst. The substance that sharply de- 
ck a 3 rate of catalytic reactions 1S called catalytic poison. Poison 
ins af ith the catalyst to form compounds whose stability is higher than 
th compounds formed by the interaction of the initial reactants with 

e catalyst. This is how the phenomenon of poisoning can be explained. 

Catalysis widely occurs in nature and it performs a very important 
role in the life of all living organisms. The importance of catalysis in 
industry is great as well: by using catalysts many important reactions can 
be carried out in a short period of time. The petrochemical industry 


especially depends on catalysis. 
lytic reaction depend on molar 


? 1. How does the rate of a catal 
concentrations of the reacting substances? 
A 2, Formulate regularities o! f catalytic reactions 


f changes in the rate o' 
with increasing temperature, 
3. Do the particle size and porosity of a catalyst matter? 
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11.2 Catalysis 


Main Regularities 
of Chemical Reactions. 
Manufacture 
of Sulphuric Acid 


11.1 


Rates of Chemical Reactions 
We have Studied 


H 1 n 
í 3 t É alizatio 
different. time to complete different reactions. Neutr: 
Teactions between acids and alka 


7 à t room 
lis occur Practically instantaneously a 
temperature and atmos i 


any examples may be given to il 
Teactions between Solids when their 
» Teactions of su] i 


2 emical 
lustrate the acceleration of ch For 


e 
i 4 factur! 
5 e chemical science and chemical ege 
me during whic a given chemical reaction occurs 
calculated, 

Consider, by way of illustrati 
vapi i 


jodine 

9D, à reaction between hydrogen and 

Togen iodide: 

H, + 1, =H is 
og d 

It has been found experimentally that the rate of a chemical reaction ". 

Proportional to the Product of mo 


tants: 
ar concentrations* of the reac 
v 7k C(Hj.cq 


Our with formation of hyd 


* Molar concentration of subst 
substance in moles to the tota] volu 
concentration is one mole per litre 


ances is cal] 


me of solution or other mixture. A unit O 
(mol/l), 


s OF 
t 
led the ratio of the quant jar 
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the rate constant of a reaction, and C(H;) and C(I,) are molar 
Concentrations of hydrogen and iodine at a given moment. : 

The reaction is carried out in a closed vessel having the capacity of V litres 
at constant temperature (in a thermostat). Since the number of moles of 
Substances do not change, the pressure inside the vessel should not 
therefore change either. How do the molar concentrations of the reactants 
change during the course of the reaction? If, for example, at a certain 
Moment of time t, the flask contains n, number of moles of hydrogen, and 
at the moment t, this number has changed to n, moles of hydrogen, the 
Molar concentrations (in mol/l) of hydrogen C, and C; are 


n na 
Ceit, G2 
p SUY 
Pos average rate of change in the molar concentrations during the course of 
Me ty —t, is (in mol/l - sec) 
C-C 
v= ——— 
or hmt 
AC 
At 


If the given reaction were to occur in the same conditions of temperature 
and pressure but in a vessel with a doubled capacity, the quantity of hydro- 
gen reacted during given period of time would be two times greater. It means 
Mar the rate of reaction does not depend on the capacity of the reaction 

essel, 


The equation of the reáction rate can now be written as follows: 


AC 
— =k- :C(I5 
At k-C(H5): C (2) 


Qm equations are called kinetic. They can be used to calculate the change 
Concentrations of the reactants during given period of time. 
a Ow can the dependence of the reaction rate on the concentration of the 
actants be explained? Using the molecular and kinetic theories, it is 
iore to interpret the mechanism of the interaction of hydrogen with 
Cine as follows. Molecules of both gases are in constant motion and collide 
With each other many times. The number of collisions between molecules in 
^ € course of one second is very great and if each collision were able to give 
hydrogen iodide molecule, the reaction might have been instantaneous. 
However, it takes considerable time for this reaction to occur which means 
that only some of the collisions result in the formation of hydrogen iodide 
Molecules. The number of collisions depends on molecular concentrations of 
the reactants and increases with concentration, The number of collisions 1s 


Proportional to the product of concentrations, i.e. obeys the same law as the 
Tate of the reaction in question, a 
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Using this information one can formulate a conclusion: incus tin 
If a reaction occurs as a result of collisions between pairs of m 


iven 
3: ions of give 
the reaction rate is proporiional to the product of molar concentratior f 
substances: 


v=k-C(A)-C(B) 


where v is the Teaction rate, k is the rate c 
C(A) and C(B) are 
the reaction, 


í ion, and 
onstant of a given eE, 
molar concentrations of substances A and B t 


Let us consider the rate of the reaction: 


H, + Cl, = 24C] 
If your solution of the problem of the reaction rate reads as follows: 
»=k-C(H;)-C(CI,) 
you have made a mistake, . . the growth of 
Remember that this reaction (see section 9.2) is a chain reaction and 
the chain includes two Stages 


(1) 
C + H,-Hcl + H 


(2 

H+Ch = Ha 4 q 

Using these data, one 
€ general regularity 


4 to 
" y rding 
can make out a kinetic equation for each stage. Acco: 
( 
Teactants) these equat 


2 the 
OL ns of 
Proportionality to the Product of molar concentratio: 

Tons are as follows 


v = kz: C(H)- C (Cl) — € 
uations may nòt be derived from chemical equations, Sin 
the atter only indicate whi 


s tities, 
T the reaction and in what t 
Substances are formed, but hey give no indication of the mechan 


R ules 
: example, between a gas and a solid. The n o! 
of the gas collide with th solid. The greater the Bee of 
er the reaction rate, The num 


th increasing concentration of the gas and the surfac 
area of the solid. T is re ularit 
different States of : eua 


es In 
o Or all reactions between det ai 
aggregation : etween gas and solid, between "ble 
liquid between liquid and esi B 1 5 immiscibl 
iquids Solid, betwe etween im 
liquids. These reactions a en two solids, and b 


: Te called i t to homogeneous 

reactions that occur between Pes <i oue aree The rate ia 

a heterogeneous reaction is Proportional to the surface area over which t 

reacting substances Contact each Other, 
How does the rate of 


i the 
^ Teaction depend on temperature? Consider 
experimentally found data on the f, 

hydrogen and oxygen. At 


Ormation o ixture O 
00 ti f water from a mixt n 
1 x r temperature the reaction will not o 
hence the reaction rate is habi 


zero. At 400°C it is completed in 80 y eii 
500°C in two hours, and at 609 € the reaction occurs instantaneously 


an explosion. 
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How i 
can this strong dependence of the reaction rate on temperature be 


explained? 


Wh i 
en temperature increases, the number of collisions between particles 


ripae en v. this increase is several times less than the reaction rate. 
ee s that there must be another cause. Only those molecules 
ien €— or. energy acquires a certain value which is critical for 
eed (c s temperature increases the number of such molecules 
E o. A ccording to average data, the rate of most chemical reactions 

ses 2-4 times as the temperature rises some 10°C. Rate constants vary 


accordingly. 
to illustrate the dependence of 


A 1. What known reactions will you use 
the reaction rate On: (a) concentration of the reactants, (b) 
temperature, and (c) surface area over which the reactants come in 
contact? 
rried out at constant temperature during 


2. Why is the reaction ca 
experimental determination 0! 
gen and iodine? Why does the pressure insid! 
remain constant? 

3. The rate of the reaction between hydrogen and iodine was 
estimated by the change in concentration of hydrogen. What is the 
average rate of change in molar concentrations of iodine and hydro- 
en iodide during the same period of time? 

4. Calculate the average rate of the reaction between carbon (II) 
which phosgene COCI, is formed 


f the rate of the reaction between hydro- 
e the reaction vessel 


oxide and gaseous chlorine by 
(CO + Ch= COCI,), if the initial molar concentration of chlorine 
or carbon monoxide was 0.01873 mol/l and in 12 minutes it was 


0.01794 mol/l. 
5. How does the reaction rate i 


from 200 to 300°C and a rise o! 


he rate constants O 
increasing temperature? 

cases of a reaction between gaseous substances 
A te is expressed by the equation v= 
= k- C (A): C (B). In the first case the initial molar concentration of 
01 mol/l. In the second case the molar concentration 
of substance A hile that of substance B remained 
0.01 mol/l. In the third case the initial concentration of each 
substance was 1/1. How do the numbers of collisions between 
molecules per e three cases? 


ncrease if the temperature increases 
f 10°C causes the reaction rate to 


[ most reactions change with 


11 a Catalysis 
facture of oxygen 


i ier the methods of manu 
We studied earlier ne irm 


and found out that the rate of decompos! roger 
a small quantity of manganese(IV) oxide is 


peroxide increases markedly if à 1 À i 
added. Manganese(IV) oxide is not spent in the reaction. It is a catalyst. 

Catalysts are that are used in chemical reactions 
to alter their rates without € he end of the reaction. 
Reactions whose rates can be al re called catalytic reactions. 


substances 
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250; = 2350, } O, c Q 


: , may 
One of these two reactions, for example oxidation of SO, to SO3 
be called forward (direct) and the other, a reverse reaction. 


ë 
S h : of thes 
It is unnecessary to write bo: ‘ations to express the essence 

two reactions, They can be uni 


2 + O, = 280, 


P site 
Chemical reactions which occur simultaneously in oppo 
directions under the sam iti 


i tions are called reversible reactions. 
In accordance with gen i 
Teactions increase with i 


_ The ixture in 
: * NOn-decomposed SO, remains in the mixtu 
4 quantity equal to that whic 


aye om 
h is formed (under the same conditions) fr 
gen. 


Teversible reac 
Teshold after wi 


estion let us c 
reactions bet 


nd pressure, 


d 
tions not proceed to the E 
hich the reaction seems pos 
Onsider the change in the dst 
ween sulphur dioxide and oxygen u 


o 
in a Certain th 
suspended? To answer this qu 
of forward and reverse 


us 
T dioxide and oxygen in the son 
mixture gradually decrease and t € rate of forward reaction Vor bara v1) 
of SO, to SO) decreases accordingly. The molar concentration of sulphu. Mate 
Oxide in the formed gaseous mixture gradually increases and hence the 
of the reverse reaction v, i 


i > two 
rev increases: After a certain period of time the 
Teaction rates will certainly be equal 


“ror = Dey 
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9 ; eactions continue but the composition of the 
mixture remains constant due to equality of the rates of both reactions. 
The state of a reacting mixture at the moment when the 


number of molecules of substances formed is equal to the number of 
molecules entered in the reaction is called the state of chemical equilibrium. 

The composition of a mixture at the state of equilibrium is called 
equilibrium composition. It should be noted that the state of equilibrium 
is established not because the reactions have finished but because the 
forward and reverse reactions occut simultaneously in opposite directions. 
This equilibrium is called dynamic. io 

The above data on the maximum degree of oxidation of sulphur(IV) 
oxide characterize the equilibrium composition of the mixture at . various 
temperatures. As temperature increases the concentration of sulphur(VI) 
oxide in this mixture decreases. Why? i ; 

As the temperature of the forward and reverse reactions Increases, the 
rates of these reactions change in a different way: the rate of decomposition 
of sulphur(VI) oxide increases faster than the rate of the forward reaction. 
It should be pointed out that the forward reaction 1s exothermic while 
the reverse is endothermic. d $. 

In this particular case the following general regularity, characterizing the 
dependence of equilibrium on temperature, holds: as the temperature increases, 
equilibrium of an exothermic reaction is shifted towards the formation of the 
initial substances, while equilibrium of an endothermic reaction 1S shifted 
towards the formation of the reaction products. vi^ 

How does the presence of a catalyst affect equilibrium? The answer 
can be found by carrying out reactions with different catalysts. It has 
been found experimentally that whatever catalyst might be used, the same 
portion of sulphur(IV) oxide is oxidized under the same conditions. This 
i egularity. i > 
: ket pinnae both the forward and the reverse reactions without 

cting the state of equilibrium. Dynamic equilibrium can be established 

pee T well. For example, if a closed vessel contains a 
" ta vem Lar gelten at constant temperature, the state of equilibrium 
en i e water surface 
between water ana Pe equ ei UR ee ae evaporated 
will soon be attained, eec ber of vapour molecules that 
during a certain time is equal to the num 
a back to water. " 3 4 

The eer) of chemical equilibrium and reaction rate are very important 


for the science of chemistry is P 
chemi ilibrium are available, ; pum 
Peer of the desired product depending e molar concentra 
of the reacting substances, pressure, and temperature. 


Both forward and reverse r 
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e——— HE RA il 


x ilibria shift with increasing 
1. In what direction will the following equilibria shift with increas 
A temperature? 


E 


Q 
2H, +O, = 2H,0 + 0 SO, + H,O = H,SO; M- 
CaCO, = CaO + CO, - Q0 CO + H,0 CO, d ii 
2. A system of sulphur(IV) oxide, oxygen, and sulphur( f time of 
chemical equilibrium is given. During an interval o d. What 
l second, n molecules of sulphur(VI) oxide are. formed. 
number of oxygen molecules are formed during this d to the 
3. Consider the Process of dissolution of a solid in liqui 


k d Papers , i ion an 
point where chemical equilibrium is attained. Do dissolution : 
crystallization processes Occur in 


rium? How can this equilibrium 


eactions. 
5 6 
1.21 3 4 
ZnS+S> S0, SO, + H,S0, 
87 
HS0, 


Manufacture of 


ials 
Sulphuric Acid. Raw Materia 
11.4 for the Manufa 


cture of Sulphuric Acid 
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the access of air to produce coke, coke gas 


When coal is heated without 
formed. Sulphur or sulphur (IV) oxide are 


containing hydrogen sulphide is 


produced from it at coke plants. 
derable amounts of hydrogen sulphide 


Many natural gases contain consi 
from which the gas should be purified. This is another raw material for the 


production of sulphuric acid. 
So in addition to naturally occurring materials that may be used to 
er industries should also be used for 


prepare sulphuric acid, the wastes of oth 

the same purpose. Two objectives are thus attained: the environment is 
protected from pollution, and the cost of producing sulphuric acid is cut. 
The utilization of natural resources that makes use of all the components of 


raw materials is called complex utilization. 


ides an indispensable part of all natural fuels? 
an sulphuric acid be prepared from: (a) sul- 


1. Why are sulphi 
gen sulphide, (d) the waste gas of copper 


A 2. By what reactions C 
phur, (b) pyrite, (c) hydro. 
smelting plants? 

3. In 1958 about 71 per cent of sulphuric acid was prepared in the 

Soviet Union from pyrite (wastes of copper production included). In 

1970 the overall Soviet production of sulphuric acid increased 

considerably while the percentage of the acid produced from pyrite 

decreased to 41.8%. What conclusion can be derived concerning the 
raw materials used for the manufacture of sulphuric acid? 

4. Draw a diagram of the complex processing of copper ores. 


~ 


Preparing Sulphur (!V) Oxide (the First Step in 


11 .5 the Manufacture of Sulphuric Acid) 
If you answered question 2 (to the previous section) correctly 
you know that the first stage in the manufacture of sulphuric 
acid from sulphur, pyrite and hydrogen sulphide is their combustion to 
to imagine that 


prepare the gas containing sulphur(IV) oxide. It is easy to Ime 
combustion of hydrogen sulphide, molten sulphur, or pyrite 1s similar to the 


burning of fuels, heavy fractions of petroleum, oF of coal in a furnace. 


Consider in detail the roasting of pyrite: 
4FeS; + 110, = 2Fe,03 + 880, + Q 


Obviously the reaction should be carried out in conditions under which 
the sulphur contained in pyrite can be utilized as completely as possible to 
prepare sulphur(IV) oxide and the reaction can be carried out at the fastest 
rate possible. The productive capacity of the furnace, 1. € the weight of pyrite 
burnt in it during à day, increases with the increasing rate of roasting. 

In order to choose the optim itions it 1S necessary tO know the 


physicochemical conditions of the process. the conditions of chemical 
equilibrium and reaction rates. The oxidation of pyrite is irreversible. Its rate 
increases with increasing the concentration of oxygen, the temperature, and 
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pyrite 


BS 


Fig. 11.2 Roasting pyrite 


A . burner: t 
temperatures, Without Stopping the delivery of air, put aside M whe 
reaction continues Spontaneously, which means that it is ces tance must E 
the reaction is Over, examine the tube contents: the yellow su (IV) oxide m 
ferric oxide Fe;O,. Use an indicator to prove that den of th 
formed (the indicator S); the odour is another indi " 
presence of sulphur ir: the reaction ! 

OW repeat the €xperiment using oxygen instead of air: 
accelerated, The reacti 


colour change: 
dioxide, 


ni. 11.3 The same amount of solid is 
Placed in a column but gas is blown 


thr i 5 LJ 
Ough it at (a) low and (b) high flow | 
rates. A fluidized bed is formed in the 3 E] 1 
atter case f a 5 b 


the Tequired oxygen content of the blown-in gas? What is the particle size of 
Pyrite? What is the roasting temperature? 
Replacement of air by oxygen intensifies the reaction but oxygen is not yet 
used everywhere because of its relatively high cost. Air is therefore also used. 
The discovery of the phenomenon of a fluidized bed made it possible to 
intensify many reactions between solid and gaseous substances. Roasting in 
a furnace with a fluidized bed continues for a few seconds while formerly this 
process took hours. Hence the advantage of using fluidized-bed furnaces. The 
process in such a furnace is of course continuous and completely automatic 
(see plate IV on page 229). Pyrite is loaded into the hopper by 
a belt conveyer. From the hopper pyrite is fed continually into the furnace 
and a continuous flow of air is blown through pipes into the furnace from 
below. The cinder (roasted material) is partly carried with flue gas and 
is partly withdrawn from the furnace through a special opening in the side 
wall of the furnace. z g 
One might justly expect that the temperature would be as high as possible 
but it is actually maintained at 800°C becaùse at higher temperatures solid 
particles sinter together to form larger aggregations. The temperature is 
controlled by carrying out the reaction with rather more air than theory 
Suggests. Moreover, tubes of a steam boiler are placed inside the furnace so 
that the heat liberated during the process might be utilized. Steam generated 
the boiler is used to produce electricity and for other purposes. 
What is the optimum capacity of a furnace, i.e. what weight of pyrite may 
Conveniently be roasted in it? . 
anad hen large furnaces are constructed, their costs per unit product decrease 
Bs the efficiency of labour increases. The capacity of furnaces used in 
wn a industry is about 300 000 tons of sulphuric acid a year (calculating 
reference to 100 per cent sulphuric acid). 


odern powerful furnaces cannot be controlled manually and they are 
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; lators which 
therefore provided with various instruments and automatic "CX the reaction 
control the reaction conditions such as the temperature in 
zone (by increasing air delivery), etc. 

We have become acquainted 
principles that are common to 
in order to increase the e 
Teactions are carried out at th 
reactions between solid and 
out in fluidized-bed reactors; 


ion of 
T " eneration 
heat produced during the reaction should be utilized, e. g. for £ 
steam; 


am è ity; 
it is reasonable to build reaction apparatuses of high capacity 
the process should b 


* continuous and fully automated. 


ag of pyrite im 
? 1. Why should sintering of particles during roasting 
^ a fluidized-bed fi 


urnace be prevented? 
2. What methods di 


fied? 
between solid and gaseous substances can be intensified? sidered 
A partial loss of ^ 1 disadvanta£^ 
* Explain why we have to put up with this wel 
(Use the data 
4. In optimum 


e 
P ith som 
with roasting of pyrite and Wl 


> : Ses: : 
many chemical industrial p chemical 
fficiency of reaction apparatuses, 

€ highest possible rates; 


jed 
be carrie’ 
gaseous materials should preferably 


l- f taining 
ined by Toasting one ton of pyrite con 
per cent of sulphur? 


in 
f Jant ! 
vp oasting furnace works continuously. A laboratory Pe uni 
which the described experiment can be carried out is a r a bate 
What are the advantages of the continuous process Ove 

process? 


e 
i the text) if 5 P 
of sulphur contained Sn hich is indicated in 


Optimum Conditio f 3 m of 
11.6 Sulphur(tV) Oxide or Oxidation 


Sulphur(IV) oxide Should 


€ year. 


sts 
G ARTS Per cent at 600°C. Cataly 
known which speed up Oxidation of 
platinum iron and vanadium ies Are these ca t 
T tion becomes noticeable at about 350°C“ wi t bou 
si H i With platinum, at abou 
400-C with vanadium, and at about 550 C with the iron catalyst. Platinum 15 
400 most active catalyst for oxidation or Sulphur dioxide, ferric oxide 
FeO) i the least active, and the vanadium catalyst occupies the 
Fe,03 1s ved 
intermediate positio 
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Sulphuric Acid 


p hh 


The rate of catalytic. reactions increases with temperature but if the 
temperature is raised above a certain limit (specific for each particular solid 
Catalyst) the reaction rate sharply decreases. This critical temperature is 
620°C for the vanadium catalyst. At this temperature, processes are probably 
initiated in the catalyst which change its structure and even chemical 
composition. These changes occur in optimum conditions as well but they 
become appreciable only after a certain period of time (sometimes a long 
Period). The platinum catalysts remain effective for 10-15 years and then the 
Conversion of sulphur dioxide into sulphur(VI) oxide becomes less effective: 
this term is only about 5 years for the vanadium catalyst. 

e gas produced during pyrite roasting contains various impurities. 
Arsenic(III) oxide is among them. These impurities poison catalysts. 

The considered reaction occurs between two gases; the reaction product is 
gas too, but a solid catalyst is involved and the reaction is therefore heter- 
geneous, All regularities that we observed in pyrite roasting hold for this 

eterogeneous reaction. Fu 

Consider now the problem of optimum industrial conditions for oxidation 
of sulphur(IV) oxide. 

Which catalyst is to be preferred? Of course the most effective catalyst is 
Platinum and it was earlier used for the purpose, but it is very expensive. 
The search for a cheaper but effective catalyst resulted in the discovery of 
Catalytic properties in vanadium(V) oxide which is now used in the manufac- 
ture of sulphuric acid. 

In order to ensure complete oxidation of SO, to SO,, the reaction should 
be discontinued at about 400-450°C. But the reaction rate at this 
temperature is low. In order to attain the maximum possible rate, the 
reaction should be begun at the maximum permissible temperature (about 
600°C) and then, as the concentration of SO, increases, the temperature 
Should be gradually lowered to 400-450*C. 

Below follows a brief description of the optimum process for oxidation of 
Sulphur(IV) oxide. When pyrite is burnt, a gaseous mixture is produced, 
Which contains various dusts and poisons. (When sulphur dioxide is prepared 
by burning sulphur and hydrogen sulphide, the gas mixtures are much purer; 
this simplifies the process of manufacture of sulphuric acid.) Gaseous 
mixtures are separated from dust by a very important industrial procedure. 
Let us acquaint ourselves with the operating principle of the apparatuses 
Used for separation of dusts in the industrial manufacture of sulphuric acid. 

hese apparatuses are cyclones and electric filters. 

In a cyclone dust particles are separated from the gas mixture by 
Centrifugal force. A cyclone (see colour plate IV) consists of two cylinders 
Placed one inside the other. Gas is delivered into the larger cylinder in its 
"Ppet portion and is forced downward in spiral motion. Under the effect of 
the centrifugal force solid particles are thrown toward the wall of the outer 
cylinder and precipitate in the conical part of the apparatus, from which they 
are removed. Thus cleaned gas is discharged from the cyclone through the 
inner cylinder. This is a simple but a very effective separating apparatus. But 
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ification 15 
it fails to separate very fine dust particles from gas and act em used for 
therefore necessary. Electric filters (the same colour plate lectric field, the 
final purification of gas. Under the action of a strong a collide wit 
molecules of the gaseous substance are ionized. Dust p to one of the 
the ions and become charged as well, and then are d When the 
electrodes upon which they are discharged and precipita qe d from the 
electrodes are shaken dust particles fall off and are remo ia 
apparatus. tis de ught in 

The gas separated from dust is then dried. To do this it is vas. process 
contact with concentrated sulphuric acid. This is a heteroge een gas aN 
and its rate increases with increasing the surface of contact pene or metal) 
liquid. Just imagine a drying column packed with rings (cera! same colour 
into which sulphuric acid is delivered from the top (see the he rings. The 
plate). As the acid flows down, it forms films on the surface of t 


hich 
a: i: over W 
gas to be dried is delivered from the bottom. The surface ee Gas an 
gas and liquid come into contact is very great in such a colu 

liquid move in count 


high 
my ure à 
€rcurrent streams which is necessary to ii "imounts o 
degree of drying. When gas leaves the column, it contains sma 


nto 
! : ; omes n 
moisture, but in the upper portion of the column partly dried gas C 
contact with fres] 


' ntact 
: area across which gas comes into CO 
with the catalyst, the solid catalyst i 


216 11 Regularities of Chemical Reactions, Sulphuric Acid 
ci 


te orar eer e exothermic reaction (in contrast to an irreversible 

il m te optimum temperature conditions are characterized by a gradual 
ee course of the reaction. 

ad in : Bore requirements for the industrial catalysts are the following: 

ia ability, long life, relatively low cost, and resistance to poisoning. In 

allens reactants should not contain substances that might poison or 
e contaminate the catalyst. 

. Reactants are passed in countercurrent flows. x 
tan is exchanged between the flows of substances involved (to control 
perature and to utilize the heat of reaction). 


1. In what cases is the oxidation of sulphur(IV) oxide not the 
^ second but the first stage in the manufacture of sulphuric acid? 

2. Why should pyrite be roasted at a constant temperature (e.g. at 
800°C), while sulphur(IV) oxide should be oxidized at variable 


temperatures? 

3. Ferric oxide Fe,O, is a cheap and durable catalyst but it is not 
used for the industrial manufacture of sulphuric acid, Explain why. 
4. Why should the gaseous mixture be purified thoroughly from dust 
before it is delivered to the catalyst chamber for oxidation even if 


the dust does not contain any poisons? Explain. 


5. Why should the gas be dried? 
6. Once we know the properties of concentrated sulphuric acid and 
principles of chemical kinetics, substantiate the design of a drying 


column. 
7. Why should the depth of catalyst beds be increased as the gas 


pus farther into the apparatus? 
. Why is sulphur(IV) oxide not oxidized completely? 


La 


11.7 Final Stage of Manufacture of Sulphuric Acid 


Sulphur(VI) oxide formed in the catalyst chamber should be 

separated from the gaseous mixture in which its content is 

7 per cent by volume. This is necessary to produce concentrated sulphuric 
acid or a solution of SO; in sulphuric acid (oleum). 
Sulphuric acid is produced from sulphur(VI) oxide: 


SO, + H,O = H,SO, + Q 
t temperatures under 300°C. The reaction 
me. The rate of the reaction increases with 
which gas and liquid contact each other. 


At first sight it seems that it is not difficult to choose optimum conditions 


for the reaction. The reaction should be carried out at moderate 
and with countercurrent flows 


temperatures, in a column packed with rings, r N 
of the gaseous mixture and the liquid that absorbs sulphur(VI) oxide. But in 
Practice one should remember that sulphur(VI) oxide reacts very rapidly with 
Water vapour with instantaneous formation of sulphuric acid vapour. The 


This reaction is irreversible a 
Occurs during a short period of ti 
the increasing of surface area over 
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Environmental Protection a 
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emical Reactions. Sulphuric Acid 


B ss attention is given in the Soviet Union to prot 
onment, because industrial plants there are run fo 


ection of man and the 
r the good of all the 


? 


1. Explain the flow diagram for the production of sulphuric acid 
shown in plate IV. Consider the flows of processed materials and 


heat; discuss the design of all process units and apparatuses; and 


characterize the conditions that are maintained in each process unit. 
2. Name the fields of use of sulphuric acid and describe the 


properties that account for its uses. 1 r 
3. The annual outputs of sulphuric acid in the Soviet Union are as 
5398 thousand tons in 1960; 


follows: 165 thousand tons in 1913; 
965; 12058 thousand tons in 1970; and 


8518 thousand tons in 1 

22400 thousand tons in 1978. Pre-revolutionary Russia only held 
13th place in the list of major producers of sulphuric acid in the 
world. At the present time the Soviet Union is the world’s second 
largest producer of sulphuric acid. What conclusion concerning the 


development of chemical industry can be drawn from these data? 


I. Laboratory Exercises 


Ikalis 4; 
" and A iç acids 
1. Reaction of Zinc Hydroxide with Acns hydroci ir another 
Place a smal] amount of zinc hydroxide in a tet subs end 4 hydroxide ! oxide b 
add a solution of sodium hydroxide to another portion of zi i 
test tube. Stir the 


d 
dr 
zinc hy! 
Contents in the test tubes and observe. Can 

Classified as an acid or an a base? 


ificati 
2. Identification of lodine by Starch. Ident 
Ydrochloric Acid and Chlorides 
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a 
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drops of Starch solution, Observe the reaction. 
Exercise 2. Filla 


on of 
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of Side 
drops ri 
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hi * 1 ml of nitric acid to the S! 
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Fill in the results of the exerci o Pounds > 
for the reactions. 


equation? 
1n the following table. Also write down 
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p = 


Halogen Solutions 


Chlorine 
Bromine 
Iodine 


4. Examination of Specimens of Sulphur and Its Compounds 
" Thoroughly examine specimens of sulphur and its natural compounds and pay 
‘peoia attention to their states of aggregation in normal conditions, their colour, and 


Draw the table given below and fill in the results of your examinations. 


Physical properties 


Sample Composition 
No. Name (chemical state of | odour 
formula) aggregation 


Il. Practical Experiments 
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Hydrochloric acid is a solution of hydrogen zh a chloride ( 
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tube. An atten 

move down from the 
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Containing cold 
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u 
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4. Prove experimentally that the substance Bem he 
by the instructor is iodide, iven to you by t 
Problem 5. entify bromide in the substance given 
Instructor. 
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ic acid 
A hloric a 
,9. Carry out the reactions Specific for hydroc 
and sodium chloride, 
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Fig. IL7 Apparatuses for obtaining hy- 
drogen chloride and hydrochloric acid 


Problem 7. Identify sodium chloride, sodium iodide, sodium 
bromide, and sodium carbonate which are given to you in four 


separate test tubes. 
Problem 8. Half fill a test tube with bromine water, add zinc 


dust, stir with a glass rod, and heat slightly. Allow the liquid to 
settle. If the liquid is colourless transfer one half of the solution 
into another test tube. (If all the zinc has been used up in the 
reaction, but the solution remains coloured, add zinc, stir, and 
heat again.) i 
Add chlorine water to one test tube and silver nitrate solution to 
the other test tube. Observe the changes and explain them. 
Problem 9. Identify hydrochloric acid, sodium hydroxide, and 
silver nitrate given to you in separate test tubes. 


Experiment 3.Solving Problems for the Section *Oxygen 


Subgroup' 
Problem 1. Carry Out reactions to test the qualitative 
composition of sulphuric acid. 

two separate test tubes. Add 


Problem 2. Place 2-3 grains of zinc in 
f dilute sulphuric acid to one and concentrated sul- 


he other test tube. Observe the 
in either of the test tubes, heat 


acid? Write reaction equations. PS 
Problem 3. Pour sodium sulphide solution In two test tubes and 
and bromine water to the other test 


add chlorine water to one, 

tube. Observe the reactions and explain them. — , i 
Problem 4. Identify hydrochloric acid, sulphuric acid, and 
sodium hydroxide in three separate test tubes given to you by the 


instructor. 
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Problem 5. Prove th 


t 
A es nO 
at common salt contains (or do 

contain) sulphates. 


, ate, iodide, 0f 
Problem 6. Decide whether a given salt is a sulphate, io 3 
chloride using specific reactions. ni 
Problem 7. 


hate 2! 
Using copper(II) oxide, prepare copper sulp 
isolate blue vitriol from it i 


) " in three 
Problem 8. Identify sulphate, sulphite, and euippice Only one 
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Problem 10. Prove that the blue crystals given to yo! 
instructor conta 


page 
page 


page 


page 


page 


page 


page 
page 


126, 3. 
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Answers to Questions Marked 
with an Asterisk: 


Write the equation x + 20, =N, + 2CO;, whence x =C,N). 


The molecule of the given oxide cannot contain more than two 
oxygen atoms. If only one atom is contained, the atomic weight 
is 28 and the higher valency is 2, i.e. this element belongs to 
group II. The atomic weight of silicon is 28, but it stands in 
group IV. The element in question is therefore carbon. 

Three bonds: one nonpolar covalent and two polar covalent 
bonds (between O and H). 

Xe3*O2-, because the outer layer in the xenon atom is 
completed, and the electrons can only be displaced from xenon 
to oxygen. 

Assume the capacity 
mole HCl, which is 
result of the experiment, th 
same volume of x litres in the fori 
means that | litre of the prepared 
36.5:224 = 1.64 g HCI. 


Silver chloride. 
Sulphate, hydrogen sulphate. 
Barium chloride. 


of the flask to be x litres. It will hold x :224 
(35.5 + 1) x :224 g HCI. According to the 
e same quantity is contained in the 
m of hydrochloric acid. This 
hydrochloric acid contains 
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L Mendeleey’s Periodic system of Chemical elements 
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of Chemical Elements 


ELEMENTS 
VI VII VIII 
2 
(H) He 
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8 9 10 
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16 17 Cl 18 
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II. Distribution of electrons by layers i 
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